Decision making in surgical treatment of chronic low back pain : the performance of prognostic tests to select patients for lumbar spinal fusion by Willems, P.C.
  
 
Decision making in surgical treatment of chronic low
back pain : the performance of prognostic tests to
select patients for lumbar spinal fusion
Citation for published version (APA):
Willems, P. C. (2011). Decision making in surgical treatment of chronic low back pain : the performance of
prognostic tests to select patients for lumbar spinal fusion. [S.l.: s.n.].
Document status and date:
Published: 01/01/2011
Document Version:
Publisher's PDF, also known as Version of record
Please check the document version of this publication:
• A submitted manuscript is the version of the article upon submission and before peer-review. There can
be important differences between the submitted version and the official published version of record.
People interested in the research are advised to contact the author for the final version of the publication,
or visit the DOI to the publisher's website.
• The final author version and the galley proof are versions of the publication after peer review.
• The final published version features the final layout of the paper including the volume, issue and page
numbers.
Link to publication
General rights
Copyright and moral rights for the publications made accessible in the public portal are retained by the authors and/or other copyright
owners and it is a condition of accessing publications that users recognise and abide by the legal requirements associated with these
rights.
• Users may download and print one copy of any publication from the public portal for the purpose of private study or research.
• You may not further distribute the material or use it for any profit-making activity or commercial gain
• You may freely distribute the URL identifying the publication in the public portal.
If the publication is distributed under the terms of Article 25fa of the Dutch Copyright Act, indicated by the “Taverne” license above,
please follow below link for the End User Agreement:
www.umlib.nl/taverne-license
Take down policy
If you believe that this document breaches copyright please contact us at:
repository@maastrichtuniversity.nl
providing details and we will investigate your claim.
Download date: 04 Dec. 2019
DECISION MAKING IN SURGICAL
TREATMENT OF CHRONIC LOW BACK PAIN
The performance of prognostic tests to select
patients for lumbar spinal fusion
PROEFSCHRIFT
ter verkrijging van de graad van doctor
aan de Universiteit Maastricht,
op gezag van de Rector Magnificus,
Prof. Mr. G.P.M.F. Mols
volgens het besluit van het College van Decanen,
in het openbaar te verdedigen
op vrijdag 16 december 2011 om 12.00 uur
door
Paulus Cornelis Willems
Promotores:
Prof. dr. G.H.I.M. Walenkamp
Prof. dr. R.A. de Bie
Co-promotor:
Dr. M. de Kleuver, Sint Maartenskliniek Nijmegen
Beoordelingscommissie:
Prof. dr. M. van Kleef, voorzitter
Prof. E.J. Carragee, MD, Stanford University, CA, USA
Prof. dr. W.C. Peul, Leiden Universitair Medisch Centrum
Prof. dr. R.J.E.M. Smeets
Aan mijn ouders
Voor Ankie, Anne en Thijs
Cover-Illustration and Layout:
Eric Lemmens
www.dlgraphics.nl
ISBN/EAN: 978-90-8590-051-1
The printing of this thesis was financially supported by Stichting Kliniek en
Wetenschap Orthopaedie Maastricht, Dutch Spine Society, Anna Fonds/NOREF,
Nederlandse Orthopaedische Vereniging, Medtronic Trading NL, Biomet NL,
InSpine, Astra Tech Benelux, Baxter, Factory-CRO, Stryker NL, Synthes, Zimmer NL,
Spronken orthopedie, Smeets Loopcomfort and Orthopaedie 2000
All rights reserved: No part of this publication may be reproduced or transmitted in
any form without the permission of the author, or when appropriate, the publishers
of the papers
CONTENTS
Chapter 1
General introduction and aims
Chapter 2
Spinal fusion for chronic low back pain: 
No consensus in clinical decision making. Results of a nationwide survey
among spine surgeons in the Netherlands
Revised version accepted, BMJ Open
Chapter 3a
The effect of a plaster cast on lumbosacral joint motion. 
An in vivo assessment with precision motion analysis system.
Spine 1997;22:1229-1234
Chapter 3b
The value of a pantaloon cast test in surgical decision-making for chronic
low back pain patients: 
A systematic review of the literature supplemented with a prospective
cohort study.
Eur Spine J 2006;15:1487-1494
Chapter 4a
Provocative discography and lumbar fusion: 
Is preoperative assessment of adjacent discs useful?
Spine 2007;32:1094-1099
Chapter 4b
Lumbar discography: Should we use prophylactic antibiotics? 
A study of 435 consecutive discograms and a systematic review of the
literature.
J Spinal Disord Tech 2004;17:243-247
Contents
5
9
27
53
67
89
107
Chapter 5
Temporary external transpedicular fixation of the lumbosacral spine: 
A prospective, longitudinal study in 330 patients.
Spine 2005;30:2813-2816
Chapter 6
Patient selection in spinal fusion for chronic low back pain: 
A systematic review on the accuracy of prognostic tests.
Submitted
Chapter 7
General discussion
Summary
Samenvatting
Dankwoord
Curriculum Vitae
Contents
6
121
135
159
173
181
189
193
7

1
General introduction and aims
Chapter 1
10
CHRONIC LOW BACK PAIN
Low back pain has become a major health problem in the western world with 1-
year prevalences ranging from 22 to 65% and life-time prevalences of up to 84%43.
About 20% of those who suffer from low back pain seek medical attention. The
economic burden to society is huge and can be divided into direct costs of health
care utilization (hospitalization, medication, tests and therapies) and indirect costs
of lost productivity due to work absenteeism and early retirement. In a relatively
small Western-European country, such as the Netherlands, the total costs of back
pain in 2003 were estimated at 4.4 billion euros37, which are mainly employment-
related costs40. The total annual costs of back pain in the USA exceed 100 billion
dollars26.
Waddell41 suggested a simple and practical classification, which divides low
back pain1 into three categories: (1) pain caused by specific spinal pathology, e.g.
tumor, infection or trauma, (2) nerve root or radicular pain and (3) nonspecific low
back pain, which constitutes a large heterogenous group of patients (about 85% of
total cases12). In these patients imaging often reveals signs of degeneration of one
or more intervertebral discs, such as disc space narrowing, vertebral endplate
changes31,45, annular disruption2,22 and/or facet joint arthropathy. These
degenerative findings, however, can also be observed in asymptomatic subjects23
and thus, are nonspecific for low back pain.
The present thesis concerns patients who suffer for at least three months from
nonspecific pain or discomfort in the lumbar region, with or without referred leg
pain1, and who all have signs of degeneration of the lumbar spine on plain
radiographs or magnetic resonance imaging (MRI), further to be mentioned as
chronic low back pain (CLBP) patients.
CLBP can result in serious physical and social restrictions and has a substantial
impact on the life style of those affected. Several socioeconomic risk factors for the
onset and persistence of CLBP have been identified4,30: Job dissatisfaction,
physically strenuous work, low education and Workers’ Compensation insurance
are all associated with CLBP and resulting disability26. Patients out of work for 6
months due to low back pain have a 50% chance of returning to their previous job,
whereas those who have been out of work for two years or more are unlikely to get
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reemployed again42. In addition, factors such as smoking, obesity, psychological
distress, depressive mood and to a lesser extent somatisation, have been reported
to result in increased risk of persisting symptoms and disability34. Treating this large
heterogeneous group of CLBP patients with signs of degeneration of the
intervertebral disc and/or facet joints on imaging, is both challenging and
frustrating, as clinicians cannot rely on a true consensus among the peers for a
rational therapeutic approach.
LUMBAR SPINAL FUSION FOR CLBP
The exact etiology and pathophysiology of intervertebral disc degeneration is
unknown and believed to result from multiple complex interactions of biologic and
biomechanical factors. Genetical predisposition appears to play an important role
and several gene forms associated with disc degeneration have been identified3,10.
Histologically, degenerative lumbar discs reveal abnormal ingrowth of sensory nerve
fibers in the endplates and the nucleus pulposus11. Radial fissures in the annulus
fibrosus have been linked to the ingrowth of free nerve endings (so-called
nociceptors) and blood vessels with a granulation zone33. This ingrowth of nerve
endings has been suggested to correlate to the dull chronic back ache, often
referred to as “discogenic pain”, that is experienced by CLBP patients, and which is
exacerbated by mechanical loading of the spine. Additionally, degenerative
herniated discs contain high levels of pro-inflammatory mediators and cytokines7,25,
such as interleukin-6, nitric oxide, prostaglandin E224 and phospholipase A216. All
these findings have strengthened the idea that disc degeneration, with or without
secondary osteoarthritis of the synovial facet joints, could be a major pathway for
CLBP. The assumption that the pain is largely associated with continued motion at
the affected disc level has led to the concept of stabilization of a painful
degenerative motion segment (i.e., intervertebral disc and facet joints) by spinal
fusion to alleviate pain and reduce disability.
Spinal fusion was first described in 1889 for stabilization of vertebral segments
in spinal tuberculosis20 and has a well-established role in the treatment of spinal
fractures and deformities. Its role in the treatment of CLBP, however, remains
controversial28,38. Epidemiological research reveals large variation in the amount of
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spinal fusion operations between countries9 and even between different regions
within the same country up to 20-fold ranges in fusion rate have been reported27,44.
Although socio-economic factors and the availability of spine surgery in a region or
country may differ, such wide geographic variations suggest a poor level of
professional consensus on the indications for spinal fusion in CLBP patients.
In a Cochrane review in 199919, no evidence was found on the effectiveness of
fusion for lumbar degenerative disc disease (DDD) or low back pain, as compared to
natural history, placebo, or conservative treatment. Despite the absence of concurrent
reports of clarified indications or improved efficacy, there was a 220% increase in the
rate of lumbar spine fusion surgery from 1990 to 2001 in the USA (Figure 1)13. This rise
coincided with the promotion and FDA-approval of the fusion cages (interbody
implants to enhance stability and fusion) in 1996. As a result, Medicare expenses for
lumbar fusion increased from 75 million dollars in 1992 to 482 million dollars in 2003,
which was about half of total USA spending for spine surgery44.
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Figure 1. The rise of spinal fusion procedures for degenerative conditions in the USA between 1988
and 2001. Note the rapid increase after 1996, when fusion cages were approved. (Courtesy from Mr
Richard A Deyo, J Am Board Fam Med 2009;22:62-68, reproduced with permission).
In 2001, a Swedish randomized controlled trial (RCT)18 did show a better outcome in
patients treated with spinal fusion compared to patients who received standard
conservative care, although at longer follow-up this beneficial effect attenuated17. Two
more recent RCTs, which compared fusion surgery to cognitive behavioural based
exercise therapy6 or an intensive rehabilitation program15, showed similar results for
surgery and nonsurgery at 1 year, and at 2 years follow-up, respectively. In the latter trial,
fusion had a higher complication rate46 and appeared to be less cost-effective than
intensive rehabilitation36. From these trials one might conclude that a considerable
amount of patients do not improve after surgery and that spinal fusion is a questionable
treatment for the entire heterogeneous group of CLBP patients. In a recently published
survey21, renowned spine surgeons did not consider complications or bad surgery, but
bad patient selection, wrong diagnosis and disproportionate expectations of patients to
be the major factors for poor outcome in spinal surgery. Therefore, it would be of great
value to know whether the results of fusion surgery can be improved by the identification
of subgroups of CLBP patients who truly benefit from spinal fusion.
At present, all routine diagnostic tools to select the right patient for lumbar
fusion appear to be inadequate. History taking and physical examination may reveal
psychological distress or social factors which can lead to chronicity of pain and need
treatment14,32. There are, however, no specific physical findings to predict the
outcome of lumbar fusion8. The association of CLBP with findings on imaging is
weak39. Degenerative signs on plain radiographs do not appear to be correlated
with persisting symptoms of CLBP29 and magnetic resonance imaging (MRI), which
has been recommended as the imaging study of choice for the initial evaluation of
patients with CLBP35, shows high false-positive rates of degenerative findings in
asymptomatic people, especially in the elderly5,23. 
PROGNOSTIC TESTS TO AID IN CLINICAL DECISION MAKING
To identify those patients who will benefit from fusion surgery, many surgeons rely
on tests that are assumed to predict the outcome of spinal fusion. In order to
improve the results of lumbar fusion for CLBP, and aiming for consensus on the
indications for fusion, it is essential to know the role and value of these prognostic
tests in clinical practice.
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In the present thesis, we will focus on the most commonly used prognostic tests:
(1) Immobilization in a thoracolumbosacral orthosis (TLSO)
In order to mimic the immobilizing effect of a lumbar fusion, a standard
manufactured brace or corset can be prescribed or a plaster cast applied on the
standing patient usually from just below the shoulder blades to the middle of the
sacrum (Figure 2). For immobilization of level L5-S1, one hip is fixed in 10° of flexion
with the thigh-piece ending 10 cm proximal to the patella. Patients are expected to
wear the TLSO or cast continuously for at least 2 to 4 weeks and are encouraged to
perform as much daily life activities as possible. In case of significant pain relief
while wearing the TLSO, the test is considered positive.
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Figure 2. Immobilization test by a thoracolumbosacral orthosis, e.g., a plaster cast. Extension of the
cast with a thigh piece is optional and assumed to better immobilize the lumbosacral joint.
(2) Identification of painful segments by provocative discography
This procedure can be performed on an outpatient basis. Under sterile conditions
and with the patient in lateral decubitus position, a stiletted needle is advanced into
the intended disc space (Figure 3). When correct placement of the needle tip in the
center of the disc is verified by biplanar fluoroscopy, a contrast agent is injected
under pressure. If this injection provokes pain similar to the patient’s usual pain,
(i.e., concordant pain) and, preferably, if 1 or 2 discs adjacent to the suspect disc do
not elicit concordant pain on provocation (i.e., control levels), the test can be
considered positive. In addition, plain radiographs or CT-scans can be obtained to
determine the extent of degeneration of the injected disc(s).
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Figure 3. Provocative discography is performed under sterile conditions and with biplanar fluoroscopic
control. The intended disc space is injected with contrast agent to provoke usual back pain. In addition,
the amount of degeneration can be visualized on radiographs or CT. 
(3) Trial immobilization by temporary external transpedicular fixation
(TETF)
For this test, patients are hospitalized for 7 to 10 days. Under general anesthesia,
antibiotic prophylaxis and fluoroscopic control, two screws are inserted
percutaneously through the pedicles into the vertebra above, and two screws into
the vertebra below the suspect disc(s), respectively. Postoperatively, the protruding
screw ends are fixed externally with two vertical bars, which immobilizes the disc(s)
of interest, thus mimicking a lumbar fusion (Figure 4). In case of adequate pain
relief, the test is considered positive. Optionally, immobilization can be discontinued
- without knowledge of the patient - by fixing the bars horizontally, which, of
course, should annul pain relief (i.e., placebo test).
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Figure 4. Temporary external transpedicular fixation trial: By externally fixing two vertebrae, one or
more vertebral motion segments are immobilized, thus simulating the effect of a spinal fusion.
AIMS AND OUTLINE OF THIS THESIS
The aims of the present thesis are to assess the value of three commonly used
prognostic tests (i.e., immobilization by a TLSO, provocative discography, trial
immobilization by TETF) for the clinical outcome of lumbar spinal fusion in CLBP
patients, and to evaluate the use and appreciation of these tests by spine surgeons
in clinical practice.
Aim 1: Is there consensus among spine surgeons regarding the use of
prognostic tests for lumbar spinal fusion in CLBP patients?
In chapter 2 the results of a nationwide survey among spine surgeons in the
Netherlands are presented. The surgeons are questioned about their opinion on
prognostic factors and the use and appreciation of prognostic tests for lumbar
spinal fusion in CLBP patients.
Aim 2: Does immobilization by a pantaloon cast truly minimize
lumbosacral motion?
In chapter 3a the hypothesized working mechanism of a pantaloon cast, i.e.
mimicking a lumbar fusion by minimization of lumbosacral mobility, is studied. In
patients, admitted for a temporary external transpedicular fixation test (TETF),
infrared light markers are fixed to the protruding pins of two spinal levels. In this
way, three-dimensional motion between these levels can be analyzed opto-
electronically during dynamic test conditions. Measurements are performed before
and after the application of a pantaloon cast.
Aim 3: Can immobilization by a thoracolumbosacral orthosis (TLSO) predict
the clinical outcome of spinal fusion for CLBP?
In chapter 3b a systematic review of the literature supplemented with the results of
a prospective patient cohort study is presented in order to assess the value of a
TLSO in predicting the long-term clinical outcome of fusion for CLBP.
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Aim 4: Does provocative discography of adjacent segments predict the
long-term clinical outcome of spinal fusion for CLBP?
In chapter 4a the results of provocative discography of levels adjacent to an
intended lumbar fusion are presented in a cohort of patients for whom the decision
to perform fusion has been based on a TETF trial. The relation between
preoperative discography results and long-term clinical outcome is assessed.
Aim 5: What is the incidence of postdiscography discitis and is there a
need for routine antibiotic prophylaxis?
Although low in incidence, intervertebral discitis is the most feared complication of
provocative discography. In chapter 4b the risk of postdiscography discitis and the
need for routine prophylactic antibiotics are studied in a cohort of 200 consecutive
patients, and by means of a systematic review of the literature.
Aim 6: Can temporary external transpedicular fixation (TETF) help to
predict the clinical outcome of spinal fusion in CLBP patients with an
equivocal indication for surgery?
In chapter 5 the middle- and long-term results of TETF as a test to predict the
clinical outcome of lumbar fusion, are presented in a group of CLBP patients with a
doubtful indication for surgery. Suspect lumbar motion segments are temporarily
stabilized by external fixation. In case of adequate pain relief, lumbar fusion may be
indicated. The test includes a placebo trial, in which the patients are unaware
whether the lumbar segmental levels are fixed or dynamized.
Aim 7: What is the prognostic accuracy of the most commonly used tests
in clinical practice to predict the outcome of spinal fusion for CLBP?
Chapter 6 presents the results of a systematic literature review concerning the
prognostic accuracy of tests that are currently used in clinical practice to predict the
outcome of lumbar spinal fusion for CLBP. The tests of interest are magnetic
resonance imaging (MRI), immobilization by a thoracolumbosacral orthosis (TLSO),
TETF, provocative discography and facet joint infiltration.
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In chapter 7, the general discussion focuses on the present and possible future role of
lumbar spinal fusion as a treatment option for CLBP. The so-called biopsychosocial
model for the evaluation of CLBP patients is explained. Triage in a multidisciplinary
setting or Spine Centre is advocated, and the importance of treatment in a stepwise
fashion within the current, widely supported active approach of CLBP, is emphasized.
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2Spinal fusion for chronic low back pain: 
No consensus in clinical decision making 
Results of a nationwide survey among
spine surgeons in the Netherlands
Willems PC, de Bie RA, Öner FC, Castelein RM, de Kleuver M
Revised version accepted, BMJ Open
ABSTRACT
Objectives. To assess the appreciation and use of prognostic patient factors and predictive
tests for clinical decision making in spinal fusion for chronic low back pain, and to relate
surgeons’ opinion in practice to findings from the literature.
Design and setting. Nationwide survey among spine surgeons.
Participants. Surgeon members of the Dutch Spine Society were questioned on their
treatment strategy for patients with chronic low back pain.
Main outcome measures. The surgeons’ opinion on prognostic patient factors known from
the literature (e.g., work status, litigation and psychosocial status), and their use of predictive
tests (e.g., trial immobilization, provocative discography) for patient selection, were addressed.
In addition, the influence of surgeon specific factors (age, discipline, clinical experience) on
decision making was assessed.
Results. The comments from 62 surgeons (response rate of 70%) were analyzed. Forty-four
surgeons (71%) had a clinical experience of 10 years or more. There was a statistically significant
lack of uniformity of opinion in 7 of the 11 items on prognostic factors and 8 of the 11 items on
predictive tests, respectively. Apart from the use of discography and long multisegment fusions,
differences in training or clinical experience did not appear to be of significant influence on
treatment strategy.
Conclusion. The present survey consistently showed a lack of consensus among Dutch spine
surgeons in the management of CLBP. There was a surprisingly large variation in decision
making for such a relatively small, highly urbanized country as the Netherlands. Despite high
levels of training and continuous medical education, decision making for fusion surgery to
treat CLBP does not appear to have a uniform evidence base in daily clinical practice. 
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INTRODUCTION
Chronic low back pain (CLBP) has become one of the main causes of disability in
the industrialized world with reported life-time prevalences of up to 85%33. In the
Netherlands, a small Western European country (16.5 million inhabitants) with a
relatively high rate of spine surgery8, the total annual costs of back pain in 2003
were estimated at 4.4 billion euros (approximately 6 billion US dollars), which are
mainly employment-related costs (lost productivity due to work absenteeism)29. The
total costs of back pain in the USA exceed 100 billion dollars per year22 and
Medicare expenses for lumbar fusion alone have increased from 75 million dollars
in 1992 to 482 million dollars in 2003, which is about half of total spending for
spine surgery34.
Treating CLBP patients is both challenging and frustrating because physicians
cannot rely on a true consensus among the peers for a rational therapeutic
approach. Although spinal fusion of a painful or degenerative segment can be
beneficial to some patients, it remains a controversial treatment for CLBP24,30. In the
first Cochrane review in 1999, no evidence on the effectiveness of fusion for
lumbar degenerative disc disease (DDD) or low back pain was found as compared
to natural history, placebo or conservative treatment18. In the updated Cochrane
review in 200519, two randomized controlled trials (RCT) on fusion for CLBP were
included. First, a Swedish trial reported a better outcome of patients treated with
spinal fusion compared to patients who received standard conservative care17,
although at longer follow-up this beneficial effect attenuated16. Next, a Norwegian
RCT that compared fusion surgery to cognitive behavioural based exercise therapy5
showed similar results for both treatment modalities at 1 year follow-up. Similarly,
in the more recent British spine stabilization trial no clear evidence was found that
spinal fusion was more beneficial than an intensive rehabilitation program at 2
years follow-up15. Moreover, fusion had a much higher complication rate in this trial
and appeared to be less cost-effective than intensive rehabilitation27,37.
Undoubtedly, spinal fusion truly helps some patients with CLBP. If these
patients could be identified in advance, a subgroup of patients with a successful
outcome after fusion could be selected. Although in the literature several
prognostic factors and predictive tests for surgical outcome have been reported,
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there are no generally acknowledged clinical guidelines to determine which patient
may benefit from fusion.
Epidemiological research reveals large variation in the amount of spinal fusion
operations between countries and even up to 20-fold ranges in fusion surgery rate
between different regions within the same country23,34. Although socio-economic
factors and the availability of spine surgery in a region or country may differ, such
wide geographic variations suggest a poor level of professional consensus.
Understanding contributory factors in the decision making process of surgeons,
may clarify some of these observed variations.
The aim of this study was to conduct a national survey among Dutch spine
surgeons in order to gain insight in their treatment strategy for CLBP. Specifically,
the use of predictive tests for spinal fusion surgery and the surgeons’ opinion on
prognostic patient factors were assessed and related to findings from the literature.
Finally, the degree of consensus in clinical decision making was determined. 
MATERIALS AND METHODS
A 25-question survey (see Appendix) was sent by mail to all surgeon members of
the Dutch Spine Society, by Memic, a Center for Data and Information
Management, University of Maastricht, the Netherlands (www.memic.unimaas.nl).
In an accompanying letter the background rationale for the enquiry, as well as the
voluntary and confidential nature was stressed and the surgeons were reassured
that individual comments would remain anonymous.
The questionnaire concerned the selection for spinal fusion of patients with
low back pain caused by degenerative lumbar disc disease without signs of
neurological deficit, spinal stenosis, deformity or spondylolisthesis and in the
absence of trauma, tumor or infections. This group was further referred to as
chronic low back pain (CLBP) patients. For clarity the questionnaire had first been
evaluated and revised by a clinical researcher and two orthopaedic surgeons. Most
questions could be answered according to a 5-point Likert scale. Surgeon specific
factors (e.g., discipline, clinical experience), the influence of patient factors
(prognostic factors as reported in literature), and the use of predictive tests (e.g.,
provocative discography) for patient selection, were addressed. The respondents
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were specifically asked to rely on their own individual opinion and management in
practice.
After a second call by mail to those who had not responded, the final inclusion
date for analysis was set on April 1, 2009. Data were entered into ExcelTM
(Microsoft, Corp., Redmond, WA) and all inconsistencies were resolved.
Unanswered questions were coded as missing. Descriptive statistics was used in
which all frequencies were based on the number of valid responders.
For analysis the answers on the 5-point Likert scale were merged into one
intermediate option (“neutral”) and 2 opposite categories (“always/almost always”
versus “never/almost never” and “fully/globally agree” versus “globally/fully
disagree”). The data were processed with Statistical Package for the Social Sciences
software (SPSS, Inc., Chicago, IL). Pearson’s chi-square test was used to evaluate
whether surgeon specific factors were associated with clinical decision making.
Uniformity of opinion was defined to be present if 70% or more of the respondents
answered similarly. In other words, there was no consensus if the proportion of the
largest category was statistically significantly lower than 70% (Pearson’s chi-square
test). Differences in mean values rating the impact of factors on decision making,
were tested by Independent t-test for equality of means. The level of significance
was set at p=0.05. 
RESULTS
Nine of the 150 surveyed surgeons (89 orthopaedic surgeons and 61 neurosurgeons)
had ended their professional career and 9 respondents stated not to perform spinal
surgery anymore. Of the remaining 132 active spine surgeons, 93 (70%) completed
and returned the questionnaire. Thirty-one of the 93 respondents (33%) declared
not to perform spinal fusion for CLBP and were excluded from further analysis. The
characteristics of the final group of 62 respondents are listed in Table 1. The level of
experience for neurosurgeons and orthopaedic surgeons was equal: 11 of 16 (69%)
versus 33 of 46 (72%) worked 10 years or more in clinical practice, respectively.
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Prognostic factors
The respondents’ comments on prognostic factors are listed in Table 2. For 7 of the
11 items there was no consensus (significantly less than 70% uniformity of opinion).
More than 70% of the respondents would fuse patients over 60 years old for
back pain. This was related to caseload: Only 4 of 29 surgeons (14%) who performed
more than 10 fusions for CLBP annually, did not operate the elderly, versus 13 of 33
surgeons (39%) with a lower caseload (p=0.024). Years of clinical experience or
specialty did not appear to be of influence (p=0.504, and p=0.690, respectively).
Only 1 of 15 neurosurgeons fused patients below 20 for back pain, versus 14
of 46 orthopaedic surgeons (p=0.063).
Eighteen orthopaedic surgeons performed fusion of 3 or more levels for CLBP,
whereas no neurosurgeon would (p=0.003).
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Table 1. Characteristics of the 62 respondents
Orthopaedic surgeons (n) Neurosurgeons(n) All respondents (n)
No. of respondents 46 16 62
Age
< 50 years 22 10 32
≥ 50 years 24 6 30
Clinical experience
< 10 years 13 5 18
≥ 10 years 33 11 44
Type of hospital
University/specialized 13 5 18
General 33 11 44
No. of fusions for CLBP/year
1-10 24 9 33
10-25 9 6 15
25-50 7 1 8
≥ 50 6 0 6
Abbreviation: CLBP = chronic low back pain; n = number
Predictive tests
The surgeons’ appreciation and use of predictive tests are listed in Tables 3a and 3b,
respectively. Apart from MRI, there was no uniformity regarding the value of these
tests for clinical decision making.
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Table 2. Respondents’ opinion to what extent patient-specific prognostic factors influence their clinical
decision making in the treatment of CLBP. The numbers listed are percentages of valid responses 
Maximum number of levels for fusion 1 level 2 levels 3 or more levels p-value*
18 (30.5) 23 (39.0) 18 (30.5) p<0.001
Minimum age patient Under 20 yrs 20 to 30 yrs 30 yrs or more
15 (24.6) 25 (41.0) 21 (34.4) p<0.001
Maximum age patient 40 to 50 yrs 50 to 60 yrs 60 yrs or more
5 (8.1) 12 (19.4) 45 (72.5) NS
Minimal length conservative therapy Less than 6 mo 6 mo to 1 yr 1 yr or more
3 (4.8) 36 (58.1) 23 (37.1) NS
Maximum Body Mass Index (BMI) Under 31 31 to 37 37 or more
29 (46.8) 18 (29.0) 15 (24.2) p<0.001
Maximum number of cigarettes / day 0 1 to 20 20 or more
29 (47.5) 7 (11.4) 25 (40.9) p<0.001
Referral overweight patients to dietician Always Sometimes Never
29 (46.8) 20 (32.3) 13 (21.0) p<0.001
Psychological screening referral Always Sometimes Never
10 (16.2) 28 (45.2) 24 (38.7) p<0.001
Different criteria for primary DDD Agree Neutral Disagree
versus prior spine surgery 44 (71.0) 8 (12.9) 10 (16.1) NS
Work status affects outcome Agree Neutral Disagree
29 (46.7) 17 (27.4) 16 (25.9) p<0.001
Litigation procedures affect outcome Agree Neutral Disagree
43 (69.3) 9 (14.5) 10 (16.2) NS
Abbreviation: DDD = degenerative disc disease, NS = not significant.
*Chi-square test: p<0.05 means significantly less than 70% consensus, NS implies uniformity. 
Mainly orthopaedic surgeons (21 of 46, versus 2 of 16 neurosurgeons,
p=0.025) considered provocative discography to be a valid predictor of fusion.
Spine surgeons working in general hospitals (20 of 43), appeared to believe more
in the test than academic surgeons did (3 of 18, p=0.028). There was no relation
with clinical experience (p=0.406).
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Table 3a. Respondents’ opinion on predictive tests for clinical decision making. The numbers listed are
valid responses and respective percentages
Predictive test Agree (%) Neutral (%) Disagree (%) p-value*
MRI sufficient for decision making 10 (16.1) 11 (17.7) 41 (66.1) NS
Cast immobilization valuable test 25 (40.3) 15 (24.2) 22 (35.5) <0.001
Cast immobilization too unpleasant 11 (17.7) 16 (25.8) 35 (56.5) 0.028
PD proven valuable test 23 (37.7) 16 (26.2) 22 (36.0) <0.001
PD too many complications 3 (4.9) 14 (23.0) 44 (72.1) NS
TETF valuable test 8 (13.4) 33 (55.0) 19 (31.6) 0.011
TETF too many complications 20 (32.7) 31 (50.8) 10 (16.4) 0.001
Abbreviations: MRI = magnetic resonance imaging, PD = provocative discography, TETF = temporary external transpedicular
fixation, NS = not significant.
*Chi-square test: p<0.05 means significantly less than 70% consensus, NS implies uniformity. 
Table 3b. The use of predictive tests by the surgeons in clinical practice. The numbers listed are valid
responses and their respective percentages
Use of test Always (%) Sometimes (%) Never (%) p-value*
Facet joint blocks 5 (8.1) 32 (51.6) 25 (40.3) 0.002
Cast immobilization 20 (32.8) 23 (37.7) 18 (29.6) <0.001
PD 25 (42.4) 10 (16.9) 24 (40.7) <0.001
TETF 0 (0.0) 3 (4.9) 58 (95.1) NS
Abbreviations : PD = provocative discography, TETF = temporary external transpedicular fixation, NS = not significant.
*Chi-square test: p<0.05 means significantly less than 70% consensus, NS implies uniformity. 
Patient history and imaging were valued significantly higher for clinical decision
making than were predictive tests, psychological screening or patient preferences
(all respective comparisons: p<0.01, Independent t-test, Figure 1).
In the evaluation of CLBP no other predictive tests than those mentioned in
Tables 3a and 3b were used on a regular basis.
Individual decision making in clinical practice
Experience was rated highest (mean ± sd, 8.0 ± 1.7) as factor of influence on
clinical decision making, as compared to findings from literature (7.7 ± 1.1,
p=0.26), scientific courses (7.3 ± 1.4, p=0.01), and training (6.8 ± 2.8, p<0.01)
(Figure 2).
Twenty-seven (45%) surgeons responded to have a protocol for decision
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Figure 1. The importance of listed factors in clinical decision making (presented as mean ± sd) as rated
by the respondents on a scale from 0 (no importance) to 10 (maximal importance). Abbreviations: MRI
= magnetic resonance imaging, TETF = temporary external transpedicular fixation. 
making to which they frequently or always adhered. Of those 35 respondents who
did not have such a protocol, 23 (68%) replied that there should be guidelines. In
other words, 50 respondents (83%) felt that clinical guidelines in the management
of CLBP patients are prerequisite.
DISCUSSION
This study presents the results of the first nationwide survey among spine surgeons
regarding clinical decision making for spinal fusion in CLBP patients. The response
rate was adequate (70%) and the majority of the respondents (71%) had extensive
clinical experience in spinal surgery (Table 1). A considerable heterogeneity in the
use and appreciation of predictive tests was observed. Prognostic patient factors
were not consistently incorporated in clinical decision making.
Comparison with related research
Almost three quarters (73%) of the respondents fused patients above 60 for CLBP,
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Figure 2. Factors that influence clinical decision making for CLBP (presented as mean ± sd), as rated
by the respondents on a scale from 0 (no influence) to 10 (maximal influence). 
whereas older age is an acknowledged predictor of poor outcome10.
Despite the fact that 2 or 3-level fusions have been reported to have proven
higher rates of pseudarthrosis with lower patient satisfaction as compared to single
level fusions10,30, over 30% of the respondents would consider fusion of 3 levels or
more.
Although fusion surgery for CLBP is not recommended unless 2 years of
conservative treatment have failed1, 63% of the surgeons felt that less than 1 year
of conservative therapy is enough to consider fusion.
Obesity is an independent risk factor for CLBP and surgery in these patients is
significantly associated with major complications, such as thrombo-embolism and
infection25. Nevertheless, 53% of the respondents would operate for CLBP on
obese patients (BMI > 31) and 24% on the morbid obese (BMI > 37). Less than half
of the surgeons (47%) consistently referred overweight patients to a dietician.
There was no consensus regarding smoking, which is known to be an
independent risk factor for CLBP11 and associated with worse results of spinal
fusion37. About 41% would fuse heavy smokers, whereas 48% would not operate
smokers for CLBP.
Psychologically stressful work has been associated with LBP and disability22
and it has been reported that psychological distress, depressive mood and
somatisation lead to an increased risk of chronicity26. In addition, presurgical
depression is associated with worse patient outcome after lumbar fusion10. Only
16% of the respondents referred CLBP patients routinely for psychological
screening and 39% never referred for this purpose at all.
There is strong evidence that clinical interventions are not effective in
returning CLBP patients back to work once they have been off work for a longer
time1. About half of the respondents agreed that the work status of LBP patients
affects outcome considerably and 69% acknowledged that litigation or workers’
compensation are of great influence on decision making in CLBP as they have been
associated with persisting LBP and disability22.
Two-thirds (66%) of the respondents considered findings on plain radiographs
and MRI-scan alone to be insufficient for surgical decision making in CLBP (Table
3a). This is in accordance with the literature indicating that degenerative or black
discs on MRI do not appear to have a strong clinical relevance4,21 and that there is
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no correlation between radiographic signs of degeneration and clinical outcome31.
Opinion differed about trial immobilization with a pantaloon cast: 40% of the
respondents agreed that it is a valuable test and 36% disagreed. This resembles
conflicting reports from the literature claiming that the test is not predictive of
fusion outcome2 or that only in highly selected patient groups the pantaloon cast
test may be of value35.
Provocative discography is a controversial test, which is highly variable in
chronic pain patients and can also be positive in pain-free individuals7. Its value in
predicting the outcome of fusion for CLBP is debated9,36, which was reflected in the
completely contradictory respondents’ opinions. Trial immobilization with a
temporary external fixator (TETF) is known for its high complication rate3 and
because of ambiguous results, its use is not recommended13. In the present survey
TETF was not frequently used (94% never used it) and only 13% believed in its
proven predictive value.
Lumbar facet injections have been reported not to be predictive of either
arthrodesis or nonsurgical treatment of CLBP14. Accordingly, only 8% used facet
joint blocks on a regular basis as a predictor of spinal fusion.
Strengths and limitations
This survey focused on surgeon members of the Dutch Spine Society whose practice
may not reflect that of all surgeons performing lumbar fusion for CLBP. This may
have produced a selection bias. It is reasonable, however, to expect that surgeons
with a special interest in the spine are exactly those to be most aware of guidelines
and research findings in the field.
To define consensus we chose for uniformity of opinion of 70% or more of
the respondents. We felt that this level of agreement should be sufficient for
implementation in guidelines. Such a cut-off level remains, of course, arbitrary and
debatable.
The introduction of an interviewer bias could be avoided by employing Memic,
Center for Data and Information Management, as a neutral intermediary. In this
way, surgeons could feel free to answer what they personally felt or practiced, as
opposed to what they thought would be considered “correct”.
For statistical analysis the 5-point Likert scale responses were merged into 3
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categories, which may have simplified the respondents’ opinion on the
management of CLBP in practice.
Clinical relevance and implications for daily practice
The lack of consensus among spine surgeons as found in the present survey could
not be explained by differences in training or clinical experience. Apart from the use
of discography and long multilevel fusions, the surgeons’ discipline and years in
practice did not appear to be of significant influence on treatment strategy. More
likely, the observed heterogeneity of opinion reflects the absence of consistent high
quality evidence for the validity of prognostic factors, predictive tests and lumbar
fusion itself for CLBP. As there is no generally acknowledged superior approach,
substantial variations that exist between practices are caused by clinical uncertainty
as to what constitutes the best of care for these patients.
In a recently published survey20 expert spine surgeons considered bad patient
selection and disproportionate preoperative expectations to be the major factors for
poor outcome in spinal surgery. To provide a reliable estimation of the effectiveness
of surgery, assessment of the individual patient is needed. CLBP is not a diagnosis
but rather a symptom in patients with varying stages of impairment and disability.
Psychological and social factors may affect outcome and should be known32. Good
patient counselling should be evidence based, i.e., determined by the individual
surgeon’s expertise and expectation of treatment success6, combined with the best
available clinical evidence from systematic research28. At present, consistent
evidence on tests or tools that reliably predict the outcome of fusion is lacking12,
which hampers the implementation of consensus guidelines. As long as we cannot
reliably identify a subgroup of patients who will benefit from fusion, the results of
fusion surgery will remain similar to those of regimented rehabilitation
programmes, but with more costs and the risk of substantial complications.
Research should focus on identifying those patients for whom fusion surgery
provides a better outcome than conservative care. Improved patient selection may
establish a role for lumbar fusion as the treatment of choice for a subgroup of CLBP
patients, and would enable the installment of guidelines for surgical decision
making. Such guidelines are needed, not only for patient counseling, but also for
communication with insurers, policy makers and other health care providers.
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Conclusion
The present survey consistently showed a lack of consensus among spine surgeons
in the management of CLBP. There was a surprisingly large variation in surgical
decision making for such a relatively small, highly urbanized country as the
Netherlands. Despite high levels of training and continuous medical education,
patient selection for fusion surgery in the treatment of CLBP does not appear to
have a uniform evidence base in clinical practice. 
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APPENDIX
Questionnaire on decision making for lumbar spinal fusion in chronic low back pain
patients
1 What is your discipline? 1 Neurosurgery 
2 Orthopaedic surgery
3 Other, 
…………………………
2 What is your age? 1 Under 30 years
2 30 to 40 years
3 40 to 50 years
4 50 to 60 years
5 60 years or older
3 Since when do you perform spinal surgery? 1 Less than 1 year
2 1 to 5 years
3 5 to 10 years
4 10 to 15 years
5 15 years or more
4 In what kind of hospital do you work? 1 University hospital
(more than one answer possible) 2 General teaching hospital
3 General nonteaching hospital
4 Specialized hospital
5 Other, 
…………………………
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The next questions concern the indication for lumbar spinal fusion (or lumbar total
disc replacement if appropriate) in patients with low back pain caused by
degenerative lumbar disc disease without signs of neurological deficit, spinal
stenosis, deformity or spondylolisthesis and in the absence of trauma, tumor,
infections or other consuming illnesses, further to be referred to as chronic low
back pain (CLBP) patients
5 How many lumbar fusions do you perform 1 0
each year in CLBP patients? 2 1 to 10
3 10 to 25
4 25 to 50
5 50 or more
6 How many total disc replacements do 1 0
you perform each year in CLBP patients? 2 1 to 10
3 10 to 25
4 25 to 50
5 50 or more
7 What is for you the maximum number of 1 1
levels to be fused in CLBP patients? 2 2 
3 3
4 4 or more
5 No maximum
8a What is for you the absolute minimum age 1 Under 20 years
of a CLBP patient to be considered 2 20 to 30 years
for lumbar fusion? 3 30 to 40 years
4 40 years or more
5 No minimum age
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8b What would be for you the absolute 1 Under 40 years
maximum age of a CLBP patient to be 2 40 to 50 years
considered for lumbar fusion? 3 50 to 60 years
4 60 years or older
5 No maximum age
9 How long should a CLBP patient at 1 0 to 6 months
least have followed conservative therapy 2 6 months to 1 year
in order to be considered for lumbar fusion? 3 1 to 2 years
4 2 years or longer
5 No minimum
10a What would be for you the maximum weight 1 Less than 80 kg
of a 1.80 meter long male CLBP patient in 2 80 to 100 kg
order to be considered for lumbar fusion? 3 100 to 120 kg
4 120 kg or more
5 No maximum weight
10b Do you send overweight CLBP patients to 1 Always
a dietician before considering lumbar fusion? 2 Frequently
3 Sometimes
4 Seldom
5 Never
11 What is for you the maximum number of 1 0 cigarettes per day
cigarettes a CLBP patient is allowed to 2 1 to 10 cigarettes per day
smoke in order to be considered 3 10 to 20 cigarettes per day
for lumbar fusion? 4 20 or more cigarettes per day
5 No maximum
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12 Do you send CLBP patients for 1 Always
psychological screening before considering 2 Frequently
lumbar fusion? 3 Sometimes
4 Seldom
5 Never
You are requested to indicate whether you agree or not with the following
statements.
Fully Partially Neutral Partially Fully 
agree agree disagree disagree
13 The preoperative selection 1 2 3 4 5
criteria for CLBP patients 
who had spine surgery 
before are substantially 
different from those for 
CLBP patients without 
prior spine surgery.
14 The work status (Full or  1 2 3 4 5
partial disability, long 
term sick leave) of a 
CLBP patient is of great 
influence on your decision 
to perform lumbar fusion.
15 Involvement in litigation  1 2 3 4 5
or workers compensation 
processes is of great 
influence on your decision 
making.
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16 Plain radiographs and  1 2 3 4 5
MRI-findings in CLBP 
patients are sufficient for 
your decision to perform 
lumbar fusion.
The next statements and questions concern clinical tests that may be helpful in
decision making for lumbar fusion in CLBP patients.
17a Trial immobilization in a  1 2 3 4 5
plaster jacket or pantaloon 
cast is a proven valuable 
test for decision making 
in CLBP patients.
Always Frequently Some Seldom Never
times
17b Do you use this trial 1 2 3 4 5
immobilization in a cast 
in CLBP patients?
Fully Partially Neutral Partially Fully 
agree agree disagree disagree
17c Trial immobilization in a 1 2 3 4 5
cast is too unpleasant for 
the patient to be executed.
Fully Partially Neutral Partially Fully 
agree agree disagree disagree
18a Provocative discography 1 2 3 4 5
is a proven valuable test 
for decision making in 
CLBP patients.
Chapter 2
48
Always Frequently Some Seldom Never
times
18b Are CLBP patients in 1 2 3 4 5
your practice selected for 
fusion by provocative 
discography?
Fully Partially Neutral Partially Fully 
agree agree disagree disagree
18c Provocative discography 1 2 3 4 5
has too many 
complications to be 
executed.
Fully Partially Neutral Partially Fully 
agree agree disagree disagree
19a Temporary external 1 2 3 4 5
transpedicular fixation 
(TETF) of one or more 
segments is a proven 
valuable for decision 
making in CLBP patients.
Always Frequently Some Seldom Never
times
19b Do you use TETF as a 1 2 3 4 5
tool for decision making 
in CLBP patients?
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Fully Partially Neutral Partially Fully 
agree agree disagree disagree
19c TETF has too many 1 2 3 4 5
complications to be 
executed in CLBP patients.
Always Frequently Some Seldom Never
times
20 Are CLBP patients in your 1 2 3 4 5
practice selected for fusion 
by facet joint blocks?
21 Do you use other tests as a 1 No
selective tool for lumbar 2 Yes,
fusion in CLBP patients? ………………………………………
………………………………………
………………………………………
Could you rate on a scale ranging from 0 (no importance) to 10 (maximum
importance) how important you consider each of the following items as a selective
tool for lumbar fusion in CLBP patients
0 to 10
22a Plain radiographs ……
22b MRI-scan ……
22c Bone scintigraphy ……
22d History ……
22e Physical examination ……
22f Psychological screening ……
22g Patient’s preferences ……
22h Facet joint blocks ……
22i Trial immobilization by pantaloon cast ……
22j Lumbar provocative discography ……
22k Temporary external transpedicular fixation ……
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Could you rate on a scale ranging from 0 (no influence) to 10 (maximal influence)
to what extent your policy regarding the operative management of CLBP patients
has been influenced by the following factors:
0 to 10
23a Knowledge acquired during residency / training ……
23b Knowledge from the literature ……
23c Knowledge from courses or congresses ……
23d Knowledge based on clinical impression and experience ……
Very Fairly Neutral Fairly Very
satisfied satisfied unsatisfied unsatisfied
24 Are you satisfied with the 1 2 3 4 5
results of the management 
of CLBP patients in your 
practice?
25a Are there protocols or 1 Yes, please continue with question 25b
guidelines in your clinic 2 No, please continue with question 25c
as to what CLBP patients 
can be considered for 
lumbar fusion?
Always Frequently Sometimes Seldom Never
25b If yes, do you adhere to  1 2 3 4 5
these guidelines for every 
CLBP patient in your practice?
Fully Partially Neutral Partially Fully 
agree agree disagree disagree
25c If no, do you think there 1 2 3 4 5
should be guidelines for 
the management of CLBP 
patients?
Survey: Clinical decision making for spinal fusion
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The effect of a plaster cast on lumbosacral
joint motion
An in vivo assessment with precision
motion analysis system
Willems PC, Nienhuis B, Sietsma M, van der Schaaf DB, Pavlov PW
Spine 1997;22:1229-1234
ABSTRACT
Study Design. This study was conducted to assess the effect of a plaster cast on the mobility
of the lumbosacral joint in 10 patients with chronic low back pain. During static and dynamic
exercises, movements between the proximal vertebra (L4 or L5) and the sacrum were
registered in 10 patients without a support and after the application of a plaster cast, and
with and without unilateral hip immobilization, respectively.
Objectives. To investigate whether plaster casts actually immobilize the lumbosacral joint.
Summary of Background Data. The presumed stabilizing effect of a lumbar orthosis on the
lumbosacral joint has been the subject of many studies in the past years, and contradictory
reports have been published.
Methods. The measurements were performed by means of Precision Motion Analysis
System, an optoelectronic three-dimensional motion analysis system using infrared light. The
patients were asked to perform maximal spinal flexion to extension, maximal pelvic tilt (static
test conditions), and to walk within the measurement volume (dynamic test condition). This
procedure was repeated with the patients wearing a plaster cast with and without unilateral
hip fixation. Mobility was expressed in translations and rotations around three axes. For
statistical analysis, repeated measurements two-way analysis of variance was used.
Results. Considerable rotations were found only in the sagittal plane. Both plaster casts
appeared to decrease mobility during the static test conditions. During the dynamic test
condition, however, no significant decrease of mobility of the lumbosacral joint by either of
the casts could be observed. In both cast conditions, considerably more sagittal rotation was
found during walking than with the other two exercises.
Conclusion. In the sagittal plane, a plaster cast with or without unilateral hip immobilization
can decrease motion during spinal flexion-extension. This stabilizing effect on the
lumbosacral joint could not be observed during walking.
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INTRODUCTION
External lumbar supports are widely used in the management of low back pain. In
addition to conservative treatment, they also are applied to ascertain the effect of
immobilization before surgery, when spinal fusion is being considered, and to
support the spine after surgery until fusion has occurred. The most important effect
expected from the support is the restriction of lumbosacral movements19. Varied and
unpredictable effects, however, with even an increase in lumbosacral movements,
have been observed11,14, Adding unilateral hip immobilization to the lumbar support
should provide maximal stabilization of the lumbosacral joint, although this has been
contradicted by a recent study2. Most studies reported in the literature measured
lumbosacral displacements in static conditions7. The purpose of the present study
was to assess the effect of a plaster cast with and without unilateral hip
immobilization on lumbosacral movements in static and dynamic test conditions.
METHODS
Patients
Ten consecutive patients (7 men, 3 women; mean age, 37 years; range, 25-49
years) with intractable low back pain volunteered for this study. All patients had
suspected instability of the lower lumbar spine and had been admitted for a
temporary, percutaneous, transpedicular fixation test6,12,15.
Two Schanz screws (5 mm diameter) were inserted transpedicularly into the
fourth (four patients) or fifth (six patients) lumbar vertebra, and two screws were
inserted into the sacrum (Table 1). By external fixation of the screw ends, the effect
of immobilization of the lumbosacral spine can be analyzed. The present
experiments were conducted before the external fixator was applied, thus
permitting free mobility of the vertebrae involved.
Material
The plaster casts were applied on the standing patient and extended posteriorly from
just below the shoulder blades to the middle of the sacrum, anteriorly from the
xiphoid process to just above the os pubis, and laterally from around the lower ribs to
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3 cm below the level of the anterior superior iliac spines. For unilateral hip
immobilization, the left hip was fixed in 10° of flexion with the thighpiece ending 10
cm proximal to the patella. In both casts, a hole was created with a margin of
approximately 2 cm around the protruding screw ends to obtain free range of motion
(Figure lA). For each patient, the two casts were applied by the same orthotist.
Procedure
Measurements were performed with Precision Motion Analysis System (PRIMAS,
University of Technology, Delft, The Netherlands), an optoelectronic measuring
system using infrared light8,9 . Two video cameras were placed 4 m behind the
patient under an angle of 80 degrees, thus creating an effective measurement
volume of approximately 3 m in length, 1.5 m in width, and 1.5 m in height (Figure
2). Two frames, each containing three reflective spherical markers with a diameter
of 3 cm, were attached to the blunt outer end of two transpedicular screws: one to
a proximal screw and one to a sacral screw (Figure 1B). Before each procedure, the
patient was placed in a standardized position in the field of measurement, and the
orientation of the frame attached to the sacrum was determined. Thus, relative to
the sacrum, a three-dimensional local coordinate system (x-, y-, and z-axis) was
defined that coincided with the frontal, horizontal, and sagittal planes for each
patient. Motion of the proximal frame relative to the sacral frame then was
expressed in translations (accuracy ± 1 mm) along the three axes and rotations (±
0.3 degrees, accuracy for static and moving markers) around the three axes8.
Continuous registrations with a sampling frequency of 100 Hz were acquired with
the patient in a neutral erect position, maximal spinal flexion, maximal spinal
extension, maximal pelvic tilt, and while walking. All exercises were performed
three times, and the patients were encouraged to perform the exercises to the limit
of their endurance. The same sequence was repeated with the patient wearing a
plaster cast with and without unilateral hip fixation, respectively (Figure 1C). In this
way every patient acted as his own control. 
Data Analysis
For all exercises, the median values of rotation and translation were determined.
Next, in all three planes, the ranges of rotation and translation from spinal flexion
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to extension and during pelvic tilt were calculated. For each step of the walking
exercise, the ranges between the maxima and minima were determined. In each
patient, the difference (delta) from the ranges of the condition without support to
the ranges obtained in both casts (i.e., range in cast without hip fixation minus
range without support and range in cast with hip fixation minus range without
support) were calculated. These deltas were compared by means of a repeated
measurements two-way analysis of variance (ANOVA, SPSS for Windows, Release
Version 6.1, SPSS Inc., Chicago, IL), taking a probability of 5% as the level of
significance.
RESULTS
Translations were of the order of 1 mm, which was considered too small compared
with the accuracy of the system, and were excluded from further analysis.8
Noteworthy rotations (more than 1.0 degree) were only found in the sagittal plane.
The ranges in sagittal rotation during the three sequences are presented in Table 1.
In the condition without support, as well as in both casts, interindividual differences
were considerable, and a stabilizing effect was not predictable for any individual
patient.
In the flexion-extension exercise (Figure 3A), the patients with motion
measured across two segments (L4-S1, numbers 1,2 and 3) showed considerably
higher sagittal rotation with significant reduction (high-negative deltas) by both
plaster casts than the other patients (F(1,8) = 6.1; P = 0.039). In the pelvic tilt
exercise (Figure 3B), initial sagittal rotations were very low, so negative deltas hardly
could be seen. In the walking exercise (Figure 3C), deltas in many patients were
practically zero, and statistical analysis for all patients showed no significant
difference in sagittal rotation between the condition without support and either of
the plaster casts (statistical power = 0.8 for detecting a true difference of 1 degree
in rotation = 1.25 X SD, given alpha = 0.05)13.
In both cast conditions, considerably more sagittal rotation was found during
walking than during the other two exercises, reaching almost the level of
significance (F(1,9) = 4.99; P = 0.052).
The effect of a plaster cast on lumbosacral joint motion
57
Chapter 3a
58
Table 1. Patient Characteristics and Angles of Lumbosacral Sagittal Rotation (0) in the Unrestricted 
Condition and in Both Plaster Cast Conditions, While Performing Spinal Flexion-Extension,
Pelvic Tilt, and Walking
Spinal Flexion-Extension   
No Cast Cast
Patient Age Fixation Plaster - Hip + Hip     
No. Sex (yr) Level Cast Fixation Fixation
1 M 43 L4-S1 3.0 4.9 0.6
2 M 46 L4-S1 6.7 2.4 2.2
3 M 41 L4-S1 6.3 1.7 1.3      
4 M 30 L4-L5 0.5 1.9 2.0      
5 F 34 L5-S1 0.9 0.5 0.5      
6 M 49 L5-S1 2.8 0.1 0.2      
7 F 25 L5-S1 0.1 0.3 0.6      
8 M 37 L5-S1 0.7 0.4 1.1      
9 F 28 L5-S1 1.1 0.7 1.2      
10 M 34 L5-S1 2.0 2.3 0.8      
A B
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  Pelvic Tilt Walking
No Cast Cast No Cast Cast
   Plaster - Hip + Hip Plaster - Hip + Hip
Cast Fixation Fixation Cast Fixation Fixation
3.5 3.4 0.2 2.2 1.0 2.6
0.2 0.3 1.9 1.2 2.8 1.8
     0.5 1.2 0.6 2.1 2.1 2.0
      0.5 2.7 1.9 1.1 0.9 1.1
     2.1 0.9 0.9 1.6 1.7 1.4
       0.4 1.6 0.7 2.4 2.7 1.7
       0.7 1.0 0.8 1.0 1.0 0.8
       1.2 1.5 1.2 0.8 6.4 2.1
       1.2 1.6 1.4 3.2 1.1 3.5
       0.7 0.4 0.7 2.5 3.7 1.9
Figure 1. A, The hole created in the plaster casts
to permit free mobility to the protruding screw
ends. B, Rigid attachment of three markers to a
proximal screw end and three to a sacral screw
end. C, The same procedure in a plaster cast with
unilateral hip extension.
C
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Figure 2. The precision motion analysis system
consists of two video cameras connected to a
personal computer and creates a measuring volume
around the standing patient in which relative
movements of the reflective markers during the
exercises can be registered.
Figure 3. The differences (Delta) in range of
sagittal rotation from both plaster casts to the
range obtained in each patient in the condition
with no support, during spinal flexion-extension
(A), pelvic tilt (8), and walking (C). Note that a
negative delta represents an immobilizing effect.
DISCUSSION
The presumed stabilizing effect of a lumbar orthosis on the lumbosacral joint has
been the subject of many studies in the past years, and contradictory reports have
been published1,2,4,7,11. In a study using Steinmann pins inserted into the spinous
process of the fifth lumbar vertebra and the posterior superior iliac spines, Lumsden
and Morris11 found that a lumbar orthosis increases rather than decreases
lumbosacral rotations during normal levels of walking and concluded that its effect is
varied and unpredictable. Buchalter et al4 reported that casts and orthoses do not
provide sufficient rigidity to adequately immobilize the lumbar spine. With a rigid
support, optimal restriction of movement is achieved approximately midway in length
and decreases toward the ends7. Adding hip fixation to the support thus should
provide maximal stabilization of the lumbosacral joint. By means of flexion-extension
lateral radiographs, Fidler and Plasmans7 found the Baycast spica (Baycast jacket with
inclusion of the left thigh) to be consistent in significantly limiting movement at the
lumbosacral level in young healthy volunteers. In contrast, recently Axelsson et al2
examined the effect of a molded, rigid thoracolumbosacral orthosis with unilateral
hip immobilization in patients 1 month after posterolateral lumbosacral fusion.
Using roentgen stereophotogrammetry, they found no significant stabilizing
effect by the orthosis on sagittal, vertical, or transverse intervertebral translations,
and they suggested that plaster casts restrict gross motions of the trunk rather than
exert a stabilizing effect on the intervertebral mobility of the lumbosacral
joint1,2,10,16,21.
It has been stated that a three-dimensional technique is required to accurately
assess the movements of the intervertebral joints21. In the present study, PRIMAS
was used with markers applied to transpedicular screws inserted into the fourth or
fifth lumbar vertebra and the sacrum of patients with chronic low back pain. The
magnitude of angular rotation of the lumbosacral joint in the sagittal, transverse,
and frontal planes was assessed.
Considerable rotations were found only in the sagittal plane. This could be
explained by the fact that the lumbosacral joint has very little movement concerning
axial rotation or lateral bending, but is as mobile as the other levels of the spine in
flexion and extension17.
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In the spinal flexion-extension exercise, five patients showed a significant stabilizing
effect with one or both plaster casts. In three of these patients, motion had been
measured across the L4-S1 segment, where high sagittal rotation was registered in
the unrestricted condition (Table 1). In the pelvic tilt exercise, the initial range of
motion in eight patients was lower than 1.2 degrees. Compared with the accuracy
of the PRIMAS system, this was considered too low to assess further decreases of
motion in a reliable way.
In the walking exercise, considerable sagittal rotation was registered, and no
significant effect by either of the plaster casts was noted. Although a substantial
number of patients showed a decrease in motion in the static measurements, this
was not the case under dynamic (walking) test conditions. This interesting
observation deserves further attention, although the small number in this patient
group and the generally low values of sagittal rotation measured in this study might
have limited statistical value.
In the present patient group, small rotations at the lumbosacral level were
detected. In another study, larger motion has been reported while measuring with
the patient in lateral decubitus position23. In the present study, measurements in the
standing and walking patient were chosen because the immobilizing effect of the
plaster cast in common daily life activities was of interest. Using biplanar
radiography, several investigators also have reported significantly smaller
movements in patients with low back pain and tension signs than those in healthy
volunteers, suggesting that the paravertebral muscles in these patients act
specifically to splint the lower lumbar levels to reduce or prevent movement and
consequent pain18,22. Moreover, the patients in the present study performed the
exercises with four protruding 5-mm Schanz screws fixed in their spine, which also
could cause reactive splinting of the lumbar spine. This cautious motion in the
present patient group, which might limit extrapolation of the data to other patient
populations, could also explain why more rotational movement was found during
walking than in the other exercises, as it is probably more difficult for the
paravertebral muscles to splint the lumbosacral level in a dynamic walking cycle
than in a fixed stable position such as maximal flexion-extension or maximal pelvic
tilt. This would suggest that dynamic displacements such as those seen in walking
provide a more reliable assessment of intervertebral motions and possible instability
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than static end displacements, as has been reported earlier3,5,20.
For the PRIMAS system in this experimental set-up, some errors of
measurement should be taken into account. First, the fact that the accuracy of the
system for static and moving markers proved to be ± 0.3 degrees implies that
rotational ranges less than 0.6 degrees should be analyzed with great caution.
Secondly, after the placement of a plaster cast, the neutral erect position of the
lumbar spine of the patients might have changed. Because total rotational ranges
from maximal flexion to extension were analyzed, however, such a change in
position probably would not have produced large errors.
Finally, the standardized position, in which the patients were placed in the
field of measurement, might have differed somewhat between the exercise
sequences. Calculation showed that a deviation of 10 degrees in position produced
an error of 1.6% in sagittal rotation, making it an acceptable limitation for the
experiments. In this respect, continuous registration of movements during dynamic
exercises, e.g., walking, by means of PRIMAS seems to be a promising method for
assessing lumbosacral kinematics in patients with chronic low back pain.
Conclusion
In patients with chronic low back pain, plaster casts, with or without unilateral hip
immobilization, decrease movement of the lumbosacral joint under static test
conditions (spinal flexion-extension). In this study, however, this stabilizing effect did
not appear to be present under dynamic conditions (walking).
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The value of a pantaloon cast test in
surgical decision making for chronic low
back pain patients: a systematic review of
the literature supplemented with a
prospective cohort study
Willems PC, Elmans L, Anderson PG, Jacobs WCH, van der Schaaf DB, de Kleuver M
Eur Spine J 2006;15:1487-1494
ABSTRACT
The results of lumbar fusion in chronic low back pain (LBP) patients vary
considerably, and there is a need for proper patient selection. Lumbosacral orthoses
have been widely used to predict outcome, however, with little scientific support.
The goal of the present study was to determine the value of a pantaloon cast test
in selecting chronic LBP patients for lumbar fusion or conservative management.
First, a systematic review of the literature was performed in which two independent
reviewers identified studies in Medline, Cochrane and Current Contents databases.
Three papers met the selection criteria. In the only study with a control group, a
significantly better outcome after fusion compared to conservative treatment was
found in patients who reported significant pain relief while in a cast (i.e. a positive
cast test). The results of lumbar fusion, however, were not significantly different for
patients with a positive and those with a negative cast test. In addition to the
review, a clinical cohort study of 257 LBP patients who had been allocated to either
lumbar fusion or conservative management by a temporary external transpedicular
fixation trial, was performed. Prior to allocation, all had undergone a pantaloon cast
test. Patients with no history of prior spine surgery and with a positive pantaloon
cast test, had a better outcome after lumbar fusion than those treated
conservatively (p=0.002, χ2-test). In patients with previous spine operations the
outcomes were poor and the test was of no value. From the literature and the
present patient cohort, it was concluded that only in chronic LBP patients without
prior spine surgery, a pantaloon cast test with substantial pain relief suggests a
favourable outcome of lumbar fusion compared to conservative management. The
test has no value in patients who have had previous spine surgery.
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INTRODUCTION
Chronic low back pain (LBP) is a frequent clinical problem in western society that
merits our concern because of the large number of patients rendered disabled. If
conservative measures fail, lumbar fusion may be beneficial, but there is no true
consensus in literature regarding its indications and effectiveness15,18. Particularly in
patients with degenerative disc disease (DDD) or prior spine surgery, highly variable
and unpredictable results have been reported10,11,13,14,25,26,34. As lumbar fusion is a
major undertaking, every effort should be made to ensure its successful outcome.
Hence, the need for tests that can help select those patients who will benefit from
lumbar fusion.
In everyday practice, lumbar orthoses and pantaloon casts are not only used to
provide pain relief in low back pain patients1,2,7 but also to predict whether lumbar
fusion might be indicated. However, this presumed predictive value has not been
substantiated by sound scientific support.
The purpose of the current study was to determine the value of a pantaloon
cast test in surgical decision-making for chronic LBP patients by performing a
systematic review of the literature supplemented with the results of a prospective
cohort study.
MATERIALS AND METHODS
Literature search strategy and selection criteria
To obtain all relevant literature, the most common databases of published literature
were searched: Medline (1966 to October 2003), Current Contents (1996 to October
2003) and the Cochrane database of randomized controlled trials (2003, issue 1).
No restrictions were made on language or date. Further screening was
performed on the titles and abstracts by two independent reviewers. For final
selection, articles had to meet the following criteria:
- Studies reported on at least 20 chronic LBP patients, either with or without
prior spine surgery, who did not respond to conservative treatment.
- A well-described orthosis or pantaloon cast was applied for stabilization of the
lumbosacral region.
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- The pain relief of the orthosis or pantaloon cast was assessed preoperatively
and compared to the outcome of lumbar fusion with a minimum follow-up of
six months.
- Studies on patients with objective neurologic motor deficits or diagnosed as
fracture, infectious disease, ankylosing spondylitis, neoplasm, congenital or
adolescent idiopathic scoliosis or kyphosis were excluded.
The references from the selected articles were checked in the same way to
ensure no relevant articles had been missed. If both reviewers could not reach
consensus, a third reviewer was consulted.
Cohort study
Between April 1990 and October 1999, 278 patients with more than six months of
incapacitating LBP without objective neurologic motor deficit underwent a
temporary external transpedicular fixation (TETF) trial12,27,35 as a final diagnostic
test. For all patients the indication for lumbar fusion had remained unclear after
routine diagnostic tests, including standard radiographs, either MRI or discography,
and a pantaloon cast test that was not considered to be a decisive test in surgical
decision-making. Thus, the decision to perform lumbar fusion or to continue
nonsurgical management was based on the results of the TETF trial. All patients
gave informed consent for the TETF procedure and analysis of the patients was
approved by an institutional review board.
For the pantaloon cast test, a plaster cast was applied on the standing patient
from the nipples to the waist, extending over one leg to the knee. Patients were
expected to wear this corset for 6 weeks, with an absolute minimum of three
weeks for inclusion in this study. They were encouraged to perform as many daily
life activities as possible. Patients were instructed to return earlier for cast removal
in case of unbearable pain. At a follow-up visit, generally two weeks after cast
removal, the patients were asked whether they had experienced substantial pain
relief when wearing the cast. If no significant relief or even a worsening of
symptoms had been experienced, a negative test result was noted; in case of
significant pain relief, the test was considered positive.
Before the allocation to treatment by the TETF trial, the patients were asked to
rate the average pain they had experienced during the previous month on a
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horizontal Visual Analogue Scale (VAS) from 0 (no pain) to 100 mm (maximal,
unbearable pain). All patients were admitted to hospital for the TETF trial. In case of
a significant pain reduction in the fixed position of the TETF compared to the
nonfixed position (placebo trial), the result was positive with the advice to perform
lumbar fusion35. If pain reduction was absent or not substantial, conservative
management was to be continued. At a median follow-up of 76 (15-144) months,
patient satisfaction (global self-rating in excellent, good, fair or poor) and pain on
the VAS were assessed by a questionnaire that was sent by L.E., who had no
previous contact with any of the patients. For analysis, the pain score on VAS at
follow-up was subtracted from the initial score before the TETF trial. We defined a
decrease of 30% or more from the initial pain to be clinically relevant and scored
this as a successful outcome. Patients with less than 30% pain reduction were
considered failures. For two of the 278 patients the initial VAS scores were lacking
and 19 patients could not be traced for follow-up. Thus, 257 patients remained for
analysis (Table 1). Of these 257 patients, 158 had undergone prior spine surgery
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Table 1. Patient variables for both treatment groups
Lumbar fusion Conservative management
(n = 107) (n = 150)
Age (years) 40 ± 8.8 41 ± 8.5
Gender 68 female (64%) 97 female (65%)
Baseline VAS (mean ± sd) 75 ± 16.9 74 ± 15.9
Degenerative Disc Disease 34 (32%) 51 (34%)
Spondylolysis /-olisthesis 3 (3%) 11 (7%)
Prior spine surgery 70 (65%) 88 (59%)
- Postdiscectomy syndrome 29 (27%) 30 (20%)
- Pseudarthrosis 7 (6%) 9 (6%)
- Combination DDD and prior operation 31 (29%) 46 (30%)
- Postchemonucleolysis 2 (2%) 2 (1%)
- Post-trauma 1 (1%) 1 (1%)
while 99 patients had no history of spine surgery. A model was made using a
logistic regression to determine which variables contributed to the clinically relevant
pain decrease of 30% or more on the VAS score. The scalar variables included were
age, duration of symptoms and length of follow-up. The dichotomized variables
included were gender, prior spine surgery, pantaloon cast test result and treatment
(lumbar fusion or conservative management). Variables with a p-value less than
0.10 were considered to be possible contributors. Two interaction terms were
included: prior spine surgery versus treatment and pantaloon cast test result versus
treatment. Pearson’s Chi Square test was used to calculate statistical significance of
differences between groups and correlations were tested with Spearman’s Rank
Correlation test. A p-value of 0.05 was considered significant.
RESULTS
Literature search
The search yielded 348 references. On the basis of the title, 284 references could be
excluded as it was clear that the articles were either a case report, were not related
to the lumbar spine, or reported on patients with diagnoses not pertaining to the
inclusion criteria. Most of the remaining 64 studies were excluded on the basis of
the abstract in which it was evident that lumbar fusion was not performed as
treatment, no orthosis or pantaloon cast had been used or had only been used in
the postoperative phase. Four articles, all in English, met the inclusion criteria for
further review. One study31 could not be included because only 15 patients with a
preoperative cast test were reported. The three remaining articles and their relevant
data are listed in Table 2. Two studies used a pantaloon cast22,29, whereas the other
study used rigid orthoses or canvas corsets without hip extension5. Markwalder and
Reulen22, reported that 23 of 25 (92%) post-discectomy patients had a subjective
good outcome after lumbar fusion following a positive plaster cast test. As only
test-positive patients undergoing lumbar fusion were included, there were no
control groups of negatively tested or conservatively treated patients. Rask and
Dall29 included both patients with and those without prior spine surgery. Patients
with a positive pantaloon cast test, who subsequently underwent lumbar fusion,
did significantly better at about one year follow-up than conservatively treated
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Table 2. Results of the selected literature supplemented with the findings of the current clinical study.
Current study; Rask and Dall29; Axelsson et al.5; Markwalder et al.22;
2005 1993 1995 1989
No. of patients 257 45 50 25
Diagnosis 158 prior spine surgery 17 prior spine surgery 15 prior spine surgery All prior spine surgery
and 99 DDD /  and 28 DDD patients and 35 DDD patients (post-discectomy) patients
spondylolisthesis
Intervention Pantaloon plaster cast Fiberglass pantaloon Molded rigid TLSO or Molded plaster body jacket
cast canvas corset with with optional unilateral
plastic posterior hip extension
reinforcement
Study design Both test-positive and Both test-positive and Both test-positive Only test-positive patients
test-negative patients test-negative patients and test-negative included; all patients fused / 
included; both lumbar included; both lumbar patients included; no control group of
fusion and control fusion and control all patients fused / nonsurgical management
group of nonsurgical group of nonsurgical no control group
management management of nonsurgical 
management 
Length of Median of 76 Mean of 12 months All patients 24 months Mean of 19 months,
follow-up (15-144) months with a minimum of 6 minimum unknown
Results Significant better Significant better No significant 92% subjective good
outcome of fusion outcome of fusion correlation of corset outcome of fusion in
compared to compared to test and outcome positively tested patients
conservative treatment conservative treatment of lumbar fusion
in patients with a in patients with a
positive cast test and positive cast test
no history of prior spine (p=0.016)
surgery (p=0.002)
patients. As only two test-negative patients underwent lumbar fusion, no adequate
comparison of outcome between test-positive and test-negative patients could be
made. Further, the results for patients with or without prior spine surgery were not
stratified. Axelsson et al5 included both patients with and those without prior spine
surgery, for whom the results were not stratified. No significant difference in
outcome after lumbar fusion was found between patients with a positive and those
with a negative corset test. As all patients were fused, no control group of
nonsurgical treatment was reported.
Cohort study
Of the 257 analyzed patients, 98 experienced significant pain relief when wearing
the pantaloon cast, whereas 159 patients had a negative test result. Apart from
inconvenience, no complications from wearing the cast were noted. There was no
significant correlation between the pantaloon cast test result and the advice from
the TETF trial (rho=0.01, p=0.891). Based on the TETF, 107 patients actually
underwent lumbar fusion: 79 patients underwent an instrumented posterolateral
intertransverse process fusion and 28 patients had an anterior interbody fusion. For
both operation techniques about 40% of the patients had a clinically relevant
improvement. There was a moderate correlation (rho=0.62, p=0.043) between
overall patient satisfaction and outcome determined by a decrease of pain of 30%
or more on the VAS. The distributions of the VAS scores before treatment and at
follow-up are shown for all patients in Figures 1 through 4.
According to the logistic regression model, only the interactions between
treatment and the pantaloon cast test result (p=0.079) and that between treatment
and whether the patient had undergone prior spine surgery (p=0.004) were factors
contributing to successful pain relief in the study population. These interaction
relations were tested by a separate Chi Square analysis on clinical outcome x
pantaloon cast test result both for patients with and without a history of prior spine
surgery. For the group of 99 patients with no prior spine surgery, the patients with
a positive pantaloon cast test who underwent a lumbar fusion, had a significantly
better outcome than those managed conservatively (p = 0.002, Table 3a). Those
with a negative test showed no difference in outcome between fusion and
conservative treatment. In the group of 158 patients with prior spine surgery no
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Figure 1. The distribution of the VAS scores before treatment (A) and at follow-up (B) for all patients
with no prior spine surgery and a positive plaster cast test (see also groups A and C, Table 3a). The VAS
scores have been categorized as follows: 1=0-10; 2=11-20; 3=21-30, etc.
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Figure 2. The distribution of the VAS scores before treatment (A) and at follow-up (B) for all patients
with no prior spine surgery and a negative plaster cast test (see also groups B and D, Table 3a). The VAS
scores have been categorized as follows: 1=0-10; 2=11-20; 3=21-30, etc.
Pantaloon cast and lumbar fusion
77
Figure 3. The distribution of the VAS scores before treatment (A) and at follow-up (B) for all patients
with prior spine surgery and a positive plaster cast test (see also groups A and C, Table 3b). The VAS
scores have been categorized as follows: 1=0-10; 2=11-20; 3=21-30, etc.
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Figure 4. The distribution of the VAS scores before treatment (A) and at follow-up (B) for all patients
with no prior spine surgery and a negative plaster cast test (see also groups B and D, Table 3b). The
VAS scores have been categorized as follows: 1=0-10; 2=11-20; 3=21-30, etc.
difference in outcome was found (Table 3b). None of the patient groups showed a
significant difference in outcome after lumbar fusion between the patients with a
positive and those with a negative pantaloon cast test. 
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Table 3a. Summary of results in the 99 patients without prior spine surgery, classified by treatment and
pantaloon cast test result
Lumbar fusion Conservative management
A: Positive B: Negative C: Positive D: Negative
pantaloon cast pantaloon cast pantaloon cast pantaloon cast
test test test test
Number of patients 15 22 20 42
Median duration of pain 3.0 (0.5 - 10) 3.8 (1.0 – 18) 2.5 (0.5 – 20) 3.3 (0.5 – 22)
(years + range)
Median follow-up 66 (40 – 137) 77 (18 – 124) 52 (32 – 115) 69 (30 – 144)
(months + range)
Baseline VAS 74 ± 15 72 ± 18 66 ± 17 72 ± 14
(mean ± sd)
Post-treatment VAS 32 ± 26 43 ± 34 67 ± 21 56 ± 29
(mean ± sd)
Pain relief 11 (73%) 13 (59%) 4 (20%) 17 (40%)
of ≥ 30% on VAS#
#Significant more pain relief of ≥ 30% on VAS in Group A compared to Group C (p = 0.002). No significant difference in
pain relief between the Groups A and B (p = 0.373), B and D (p = 0.156) or between the Groups C and D (p = 0.111)
DISCUSSION
The use of a plaster cast test in surgical decision-making for chronic LBP patients
remains controversial. In search for scientific proof, the present systematic literature
review was performed. All three selected papers had different study designs and
conclusions. The study by Rask and Dall29, the only report with a conservatively
treated control group, concluded that patients with a positive pantaloon cast test
who underwent a lumbar fusion had a significantly better outcome than those
treated conservatively. Unfortunately, they made no stratification for patients with or
without prior spine surgery, whereas the current clinical study shows a considerable
difference between these patient groups. In addition, outcome was measured at an
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Table 3b. Summary of results in the 158 patients with prior spine surgery, classified by treatment and
pantaloon cast test result
Lumbar fusion Conservative management
A: Positive B: Negative C: Positive D: Negative
pantaloon cast pantaloon cast pantaloon cast pantaloon cast
test test test test
Number of patients 28 42 35 53
Median duration of pain 3.5 (1.0 - 20) 4.0 (0.5 – 31) 4.0 (1.0 – 22) 3.0 (1.0 – 21)
(years + range)
Median follow-up 53 (18 – 138) 89 (23 – 137) 89 (30 – 136) 89 (23 – 137)
(months + range)
Baseline VAS 76 ± 19 77 ± 16 74 ± 17 77 ± 16
(mean ± sd)
Post-treatment VAS 61 ± 28 67 ± 29 65 ± 29 63 ± 27
(mean ± sd)
Pain relief 8 (29%) 12 (29%) 9 (26%) 21 (40%)
of ≥ 30% on VAS#
#No significant differences in pain relief between any of the groups 
average follow-up of about a year, which, because of the profound general placebo
effect after surgery33, may be rather short, particularly in spine surgery. The study by
Markwalder and Reulen22 included postdiscectomy patients with a positive plaster
cast test, all of whom underwent lumbar fusion. As there was no control group in
the study design, any selective value of the plaster cast could not be determined. In
the study by Axelsson et al.5, a rigid orthosis or canvas corset without unilateral hip
immobilization was used and, as in the current cohort study, no significant
difference in outcome for lumbar fusion at the two-year follow-up was registered
between patients with a positive and those with a negative corset test. As there
was no conservative control group, the study design made it impossible to assess
any selective value of a corset test for lumbar fusion versus nonoperative
management. Moreover, patients with and without a history of prior spine surgery
were not analyzed separately. Finally, the absence of a unilateral hip extension
might decrease any stabilizing effect on the lumbosacral joint, and it could be
argued that a removable lumbar orthosis or corset is not as effective as a pantaloon
plaster cast that is worn continuously.
To supplement the findings of the current literature review, the clinical
outcome of 257 chronic LBP patients who either underwent lumbar fusion or
conservative management was assessed. In patients with no history of prior spine
surgery and a positive pantaloon cast test, the success rate for lumbar fusion was
significantly higher than that for conservative management (p=0.002) although the
number of patients in both subgroups was relatively small (15 and 20 patients,
respectively, Table 4a). Within the lumbar fusion treatment group, the outcome
between patients with a positive pantaloon cast test was not significantly different
from that for patients with a negative test (73% versus 59%, respectively, Table 3a).
Thus, a negative pantaloon cast test does not mean that lumbar fusion will not be
successful. This implies a low specificity of the test and only a positive test result
might be regarded as providing an additional piece of information in favour of
lumbar fusion in the individual patient. In patients with prior spine surgery, the
success rate for lumbar fusion was low and the pantaloon cast test was of no value.
If in these patients equivocal results exist after routine diagnostic tests, great
caution with regard to lumbar fusion is warranted. These findings are in accordance
with other reports, stating that there are no reliable tests for preoperative selection
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of failed back surgery patients and that, consequently, the results of lumbar fusion
are discouraging16,20,34,36.
Although we realize that pain is merely one of the many factors related to the
problem “chronic low back pain”, the criterion of pain reduction on a Visual
Analogue Scale was chosen to assess successful outcome. Despite the inherent
inaccuracy in how the patient puts a dot on the line, it is our opinion that, because
the patient serves as his own control, this is an objective method to evaluate
outcome of treatment in chronic pain28. Because of the heterogeneity in VAS scores
within each group, the difference between pain on VAS before allocation and at
follow-up was calculated on an individual level and not on a group level. In this way,
it was possible to assess clinically relevant improvements in pain. It should be
acknowledged that the cut-off level of 30% pain reduction to define success or
failure is arbitrary and debatable and one should realize that, as we know from
clinical practice, many of the cases defined as success in the present study still suffer
from residual low back pain after treatment.
The length of follow-up did not appear to be a contributing factor to pain
reduction in the logistic regression (p=0.86). Nevertheless, the large range in follow-
up and thus the great variety in interval between the pre- and posttreatment pain
assessment, should be regarded as a limitation of the present cohort study.
TETF is an invasive test and high incidences of pin tract infections and
neurological complications have been reported17,21,30. Therefore, the TETF trial was
only used as a final diagnostic test in patients for whom the indication for lumbar
fusion remained unclear after routine diagnostic tests. The patient population in the
current study might thus be biased because “clear-cut” cases that were indicated
for fusion straight away were not included in the trial. This may limit the
generalizability of the current study’s findings in other settings and may have led to
lower overall results for lumbar fusion. Our aim, however, was not to assess the
success of lumbar fusion in chronic low back pain patients, but to evaluate whether
a pantaloon cast test can help select those patients who will benefit more from
lumbar fusion than from nonsurgical treatment.
Unfortunately, the literature review did not provide a randomized study which
would be the best way to evaluate a preoperative selection test. Within the limits of
current clinical practice we considered the present cohort study design to be a
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reasonable alternative as the pantaloon cast test result had no correlation with the
surgical decision-making based on the TETF trial (rho=0.01, p=0.891). In this way,
whether after a positive or a negative pantaloon cast test, the groups of fused and
conservatively managed patients were fairly equal in size and had similar patient
characteristics making analysis between these groups more valid.
Founded on the surgeon’s personal belief or experience rather than supported
by scientific literature, the pain-relieving effect obtained by spinal immobilization in
a lumbar orthosis or pantaloon cast is widely used for patient selection in clinical
practice. The mechanical basis, however, is poor, as several studies could not
determine a stabilizing effect on intervertebral mobility3,4,37. In fact, radiographic
studies have even suggested that motions at lower lumbar levels actually increase
when orthoses are worn4,32. The main effect produced by a corset is a reduction in
gross motion of the trunk3,6,19 rather than the fixation at one individual level. This
non-specific effect makes comparison to a single level fixation questionable which
is supported by the fact that there appeared to be no correlation between the
results of the TETF trial and the pantaloon cast test. The pain relief provided by a
corset may perhaps not be caused by motion restriction but by an increase in
passive trunk stiffness of up to 40%8,9,23 with a possible general unloading effect
on the trunk structures and reduced intradiscal pressures24. Such pain relief caused
by this unloading effect does not appear to be specific, as we found that a negative
pantaloon cast test does not at all exclude the possibility that the patient will
benefit from lumbar fusion.
CONCLUSIONS
Chronic LBP patients with no history of prior spine surgery who experience substantial
pain relief in a pantaloon cast have a significantly better outcome after lumbar fusion
compared to conservative management. A negative test result, however, has no value
in surgical decision-making. The test is of no use in patients with a history of prior
spine surgery and great caution regarding lumbar fusion is warranted in these patients
as the results are very poor. Apart from inconvenience, the pantaloon cast test has a
negligible complication rate. Despite its worldwide use, to date, only one other
controlled study to determine the value of the test has been published. 
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Provocative discography and lumbar fusion
Is preoperative assessment of adjacent discs
useful?
Willems PC, Elmans L, Anderson PG, van der Schaaf DB, de Kleuver M
Spine 2007;32:1094-1099
ABSTRACT
Study Design. A cohort study of clinical outcomes of lumbar fusion patients with
preoperative assessment of adjacent levels by provocative discography.
Objective. To evaluate whether the preoperative status of the adjacent discs, as determined
by provocative discography, has an impact on the clinical outcome of lumbar fusion in
chronic low back pain (LBP) patients.
Summary of Background Data. The results of lumbar fusion in chronic LBP patients vary
considerably and are hard to predict. It is believed that degenerative levels adjacent to a
fused spinal segment may be a cause of continuing pain. In this respect it is important to
know whether preoperative degenerative or symptomatic adjacent levels have an adverse
effect on patient outcomes after lumbar fusion.
Methods. In 197 patients with an equivocal indication for lumbar fusion (two-thirds were
patients with prior spine surgery), the decision for either lumbar fusion or conservative
management was determined by a temporary external transpedicular fixation (TETF) trial.
During the diagnostic work-up, all patients had undergone provocative discography that
included the assessment of the discs adjacent to the intended fusion levels. The individual
changes in pain on a visual analogue scale, assessed before treatment and at follow-up, and
patient satisfaction were the measures of outcome.
Results. In the 82 patients who underwent a lumbar fusion, no difference in outcome was
found between those patients with degenerative or symptomatic discs adjacent to the fusion
and those with normal adjacent discs.
Conclusion. In this cohort study of chronic LBP patients with an uncertain indication for
lumbar fusion, the preoperative status of adjacent levels as assessed by provocative
discography did not appear to be related to the clinical outcome after fusion.
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INTRODUCTION
“Diagnostic disk puncture with injection of opaque medium demonstrates disk
ruptures and protrusions and tells if the patient’s symptoms originate from the
punctured disk. The method seems to be of great practical value.” (Lindblom, 1948)1.
Chronic low back pain (LBP) is a complex clinical and socio-economic problem
in modern society leading to a high use of health services2. As a routine work-up
often fails to provide a clear diagnosis, the evaluation of LBP patients can be both
challenging and frustrating. Lumbar fusion may be beneficial for some patients, but
its effectiveness has been reported to be highly variable and hard to predict3-5.
Furthermore, when a rigid motion segment is created, extra stresses are exerted on
the adjacent motion segments with the potential risk of accelerated degeneration
of adjacent levels and increasing  pain6-8. Therefore, patients with a fusion that ends
adjacent to an already degenerative or painful disc may be expected to have more
pain and thus poorer clinical results at follow-up than those patients whose
adjacent discs are normal9. For this reason, when lumbar fusion is proposed for
chronic LBP patients, it is considered wise either to include symptomatic adjacent
discs in the fusion or to refrain from any fusion at all10.
Imaging modalities, such as plain radiographs, magnetic resonance imaging
(MRI) or computerized tomography (CT), are quite sensitive in detecting disc
degeneration but cannot confirm whether a disc is symptomatic and relevant in the
patient’s pain syndrome11-13.
Provocative lumbar discography is a physiologic test with which it can be
determined whether a disc is painful upon injection. Even if degenerative signs are
absent on imaging, discography can reveal the presence of a symptomatic rim
lesion14,15. A severe, acute exacerbation of the patient’s usual pain provoked by
discography is assumed by some spine specialists to be diagnostic of a clinically
relevant pain generator at the disc itself, provided that the injection of a control disc
does not reproduce familiar pain16-20. When planning the extent of a lumbar fusion,
provocative discography can be used to verify whether the discs adjacent to the
intended fusion level(s) do not provoke pain and could be expected to withstand
the added stress after fusion.
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The goal of the present study was to determine whether the preoperative status of
adjacent discs, as assessed by provocative discography, has any impact on the
clinical outcome of a cohort of chronic LBP patients in whom the decision to
perform lumbar fusion was not based on the discography test itself. 
MAREIALS AND METHODS
From April 1990 to October 1999, 209 patients for whom the indication for a
lumbar fusion remained uncertain after routine diagnostic tests underwent a
temporary external transpedicular fixation (TETF) trial21-23 as the final, decisive test.
Patients with an unequivocal indication for lumbar fusion after routine diagnostic
testing were excluded from the study. All patients had suffered from incapacitating
low back pain for more than one year and had no objective neurologic motor
deficit. Routine diagnostic tests comprized standard radiographs and provocative
discography that included the assessment of  discs adjacent to the level(s) intended
for fusion. The eventual decision whether to perform lumbar fusion or to continue
nonsurgical management was determined by the TETF trial for which all patients
gave informed consent. The analysis of the patients was approved by an
institutional review board.
Lumbar discography was performed in the Radiology Department on an
outpatient basis by orthopaedic residents affiliated with the spine unit. No standard
sedatives or prophylactic antibiotics were used. With the patient in the left lateral
decubitus position, the technique described by McCulloch and Waddell24 was used.
The skin was prepared with Betadine and draped in the routine manner. After
infiltration of the skin with local anaesthetic (Lidocain 1%), a stiletted double needle25
(18-gauge outer and 22-gauge inner solid needle) was advanced into the intended
disc space. Correct placement of the needle tip into the centre of the disc was verified
by biplanar fluoroscopy. In case the disc centre could not be reached properly, an
open, more flexible 22-gauge needle was advanced through the outer needle to
reach the centre. Subsequently, Isovist®, a water-soluble nonionic contrast agent
(Schering AG, Berlin, Germany) was injected. Next to the disc(s) that was suspected
to be the source of pain in the patient based on plain radiographs or MRI, generally
two adjacent discs (1 proximal and 1 distal level or 2 proximal levels in case L5-S1 was
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suspect) were tested. Attention was paid to whether the patient experienced pain
during injection. The patient was asked about the extent and location of the pain and
whether this pain was similar to his/her usual pain (i.e. concordant pain). The injection
endpoint was defined by manual resistance. The morphological pattern of the disc
was described according to the criteria of Adams26 in which the discogram types I and
II were scored as normal, whereas the types III-V were considered to be
degenerative20. For each disc separate needles were used. One hour after the
procedure, patients were sent home with the instruction to return immediately in
case of aggravated back pain or fever within the next few weeks27. Routine follow-
up was at 6 to 12 weeks after the procedure.
All patients were admitted to hospital for the TETF trial and were asked to rate
their pain on a horizontal visual analogue scale (VAS) ranging from 0 (no pain) to 100
mm (maximal, unbearable pain). The levels considered for fusion were immobilized by
TETF. In case of a significant pain reduction in the fixed position compared to the
nonfixed state (=placebo-trial)23, the result of the TETF trial was considered to be
positive and lumbar fusion of the intended level(s) was performed. If pain reduction
was absent or not substantial, conservative management with commonly practiced
measures, such as physical therapy, manipulations, rehabilitation programs,
analgesics, lumbar orthoses or nerve root blocks was to be continued. A standardised
nonoperative treatment was not advocated because we feel that commonly used
conservative methods tailored to the individual patient portray the real life situation
for the average chronic LBP patient28. At follow-up, a questionnaire was sent to the
patients by L.E. who had no previous contact with any of the patients. Pain on the
VAS and patient satisfaction (global self-rating of outcome in excellent, good, fair or
poor) were thus assessed in both the fused and conservatively treated patients. In
every patient the pain score at follow-up was subtracted from the initial pain score.
We considered an individual decrease in pain of 30% or more of the initial pain to be
a clinically relevant improvement and defined this as a successful outcome. Patients
with less than 30% pain reduction were considered failures. For analysis, the
discographic findings of all patients with at least one injected disc adjacent to the
levels that had been immobilized by TETF were reviewed and scored as follows: If
provocation of these adjacent disc(s) had produced concordant pain, the discography
result was considered negative (which would mean that fusion is not
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recommendable). If injection into these disc(s) had provoked unfamiliar pain or no
pain at all, the discography result was positive. From one of the original 209 patients
the initial data were lost and 11 cases could not be traced for follow-up: Two patients
with symptomatic adjacent discs and eight patients with asymptomatic discs who had
received conservative treatment and the only fused lost-to-follow-up case was a
patient with asymptomatic discs at discography.
Thus, 197 patients (63 male, 134 female) with a mean age of 40 ± 8.5 years
remained for analysis at a mean follow-up of  80 ± 35 months (range 15-144
months; Table 1). Based on the TETF results, 115 patients were managed
conservatively and 82 patients underwent a lumbar fusion: 24 patients had an
anterior interbody fusion (stand-alone or circumferential) and 58 patients received
an instrumented posterolateral intertransverse process fusion. For statistical
analysis, the variables to be tested (either dichotomized or ordinally scaled) were
age, gender, previous spine surgery, length of follow-up, preoperative VAS pain
score, provocative discography result of adjacent discs, treatment (lumbar fusion or
conservative), and clinical outcome. A logistic regression model was made to
determine which variables contributed significantly  to a clinically successful
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Table 1. Diagnosis of all analyzed patient groups (number of patients)
Fusion and symptomatic Fusion and asymptomatic Conservative
adjacent discs adjacent discs management
(n=22) (n=60) (n=115)
Degenerative Disc Disease 4 20 39
Spondylolysis /-olisthesis 2 3 7
Prior Spine Surgery 16 37 69
- Postdiscectomy 5 18 16
- Pseudarthrosis 1 6 7
- Combination DDD and prior operation 7 12 43
- post-chemonucleolysis 3 0 2
- Post-trauma 0 1 1
outcome. Pearson’s Chi-Square test was used to calculate statistical significance of
differences between groups. For insight into the magnitude of effect, odds ratios
(OR) with confidence intervals (CI) were calculated for any parameter with a p-value
of 0.05 or less. Correlations were tested with Spearman’s Rank Correlation test. A
p-value of 0.05 was considered to be significant. 
RESULTS
No serious complications related to the discography procedure were registered. If
degenerative discs are considered to be painful and normal discs to be
asymptomatic, morphology predicted the discographic pain response in about 75%
of the patients (21 painful and degenerative discs, 126 asymptomatic discs with
normal morphology, Table 2). About two-thirds of the degenerative adjacent discs
were painful as compared to a quarter of the adjacent discs with normal
morphology (p = 0.000 chi-squared test, OR 6.2, CI95 2.7-13.9; Table 2). There was
no correlation (rho=0.1, p=0.332) between the result of provocative discography
and the TETF trial result. According to the logistic regression model, only treatment
(lumbar fusion versus conservative management) appeared to be a contributing
factor to successful pain relief (p=0.012, OR 2.2, CI95 1.18-3.9). One can conclude
that a patient in this study who underwent a fusion operation had approximately
twice as much chance of having at least a 30% reduction in pain as a patient who
was treated conservatively. The other variables in the logistic regression did not
contribute significantly to having at least a 30% reduction in pain: age (p=0.48),
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Table 2. Cross-tabulation of the morphologic (Adams’ criteria) and the symptomatic status of the
adjacent discs assessed by provocative discography in all 197 patients
Symptomatic Not symptomatic Total number of patients
Degenerative 21 11 32
Normal morphology 39 126 165
Total number of patients 60 137 197
gender (p=0.19), preoperative VAS score (p=0.83), previous spine surgery (p=0.06),
interaction previous spine surgery and treatment (p=0.98), provocative discography
(p=0.996) and length of follow-up (p=0.48).
For the 82 fused patients the distributions of the VAS scores before lumbar
fusion and at follow-up are shown in Figure 1. The success rate of those fused with
asymptomatic adjacent discs was equal to the success rate of those fused with painful
adjacent discs (45% versus 45%, respectively, p=0.583, Table 3). When considering
the effect of discographic morphology on the clinical outcome for lumbar fusion
between those patients with degenerative adjacent discs versus those with normal
adjacent discs, the Pearson’s Chi Square test was not significant (p=0.072).
Stratification for patients with or without prior spine surgery did not reveal any effect
of discography result on outcome  (Pearson’s Chi Square: no prior surgery, p=0.847;
prior surgery, p=0.705). The method of fusion, whether anterior interbody fusion or
instrumented posterolateral fusion, had no effect on outcome (success rates of 46%
versus 45%, respectively). The outcome by percentage of VAS improvement and the
4 categories of patient satisfaction (excellent, good, fair or poor) appeared to
correlate well (rho=0.73, p=0.000). Patient satisfaction, which we consider to be a
sufficient quality indicator rather than another validated measure of health outcome,
also did not delineate differences between the two operative groups (p=0.266). 
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Table 3. Variables and clinical outcome of the 82 patients who underwent lumbar fusion classified by
the result of provocative discography of the adjacent segments
Asymptomatic adjacent disc(s) Symptomatic adjacent disc(s)
Number of patients 60 22
Mean age (years) 39 ± 7.8 39 ± 8.5
Gender (Male / Female) 18 M / 42 F 6 M / 16 F
Mean follow-up in months (range) 80 ± 36 (15-137) 76 ± 38 (18-144)
Mean initial VAS 76 ± 16 72 ± 18
Mean VAS at follow-up 53 ± 33 52 ± 29
Patients with pain relief of ≥30% on VAS 27 (45%) 10 (45%)
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Figure 1. The distribution of the VAS scores before lumbar fusion (A) and at follow-up (B) for all fused
patients with symptomatic and asymptomatic adjacent discs at preoperative discography, respectively
(see also Table 3). The VAS scores have been categorized as follows: 0-20; 21-40; 41-60; 61-80 and 81-
100.
DISCUSSION
There is no true consensus in the management of adjacent segments in spinal
fusion. Some authors advocate to limit the number of segments fused as much as
possible because two- or three-level fusions have a proven higher rate of
pseudarthrosis with less function7,29,30 and lower patient satisfaction compared to
single level fusions3. Others suggest that surgical fusion of lumbar vertebrae
increases the load on adjacent discs which may accelerate degeneration at these
transitional levels6,31-34. However, in a long-term follow-up study following surgery
for lumbar degenerative disc disease, no correlation between radiographic signs of
degeneration at transitional levels and clinical outcome or functional impairment
was reported34. In a recent retrospective study Throckmorton et al. reviewed the
outcome after lumbar fusion for degenerative instability in 25 patients35. They
reported no adverse impact on clinical outcome when the lumbar fusion ended
adjacent to a degenerative motion segment as determined from preoperative
morphologic MRI data. As a criticism one might argue that radiographically
degenerative lumbar discs or so-called black discs on MRI do not appear to have
clinical relevance as they are observed in up to a third of asymptomatic individuals
between 20 and 39 years of age12,36-38. 
Because degeneration itself appears to be related to the process of aging,
whereas symptomatic degeneration may point to deterioration36, one could assume
that physiologic data from provocative discography would reflect the clinical
scenario better in chronic LBP patients. This more reliable preoperative analysis of
planned future transitional levels should lead to a better prediction of the clinical
outcome of lumbar fusion39. In the present study, however, clinical outcome did not
appear to be affected by the preoperative status of adjacent levels as assessed by
provocative discography. There are, however, methodological limitations of the
present study that should be addressed.
Provocative discography is a controversial test and its validity has not been
established consistently in literature40. It has been shown that healthy, previously
pain-free patients can also experience pain from a discogram and the discographic
pain response appears to be highly variable in patients with chronic pain and
somatization disorders41. It should be stressed that discography is not a test at the
Chapter 4a
98
level of a gold standard to identify whether a disc is truly a clinically significant pain
generator in a chronic LBP patient. It is no more than an assumption frequently given
to the discography result which can be compared to clinical outcome.
In the present study, provocative discography was executed by residents who
had performed a sufficient number of discography procedures under supervision to
be judged capable of executing the procedure alone. Nevertheless, it has been
documented that false test results increase with poor injection technique implying
that the performance and evaluation of the test by residents may be less reliable
than by experienced discographers who perform discography on a routine base.
The decision of which levels were to be fixed by TETF was based on the
combination of conventional radiographs, MRI/CT and provocative discography that
included the assessment of generally two adjacent discs. In this way, in the individual
patient, an originally adjacent disc that was symptomatic on injection, may have
become a suspect disc and subsequently been included in the TETF (=proposed
fusion) levels. This may have resulted a bias in the selection of both fusion groups. For
the present protocol, adjacent levels were defined retrospectively and the
discographic responses of only these levels, truly adjacent to TETF (=fusion), were
studied. Consequently, in some patients only one adjacent level could be scored for
analysis, which may limit the interpretation of the present study’s findings.
However, in contrast to most studies, the design of the present study had the
advantage that the decision to perform lumbar fusion was not based on the results
of adjacent level discography itself (as defined retrospectively) but on the TETF
results, which were not correlated (rho=0.1, p=0.332). In this way, a group of fused
patients with symptomatic or degenerative adjacent discs and a group of fused
patients with normal adjacent discs could be compared.
Because TETF is an invasive diagnostic procedure with a considerable risk of
pin tract infection and neurological complications42-44, only patients for whom
routine diagnostic testing was equivocal were included. Such a selection manner is,
of course, prone to bias by the judgment of the individual clinician. Moreover,
whether the TETF trial was positive (sufficient pain relief to decide for lumbar
fusion), was determined by the physician who coordinated the TETF trial (D.S.). For
his decisions there is no validity other than clinical experience. These methods of
selection limit the generalizability of the present study to settings in which patients
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are selected for lumbar fusion in a different manner. The aim, however, was not to
assess the success of fusion in chronic LBP patients but to evaluate whether the
clinical outcome of lumbar fusion is affected by the preoperative status of adjacent
discs as determined by provocative discography. 
Although pain is only one aspect of the problem of “chronic low back pain”,
it remains the principal indication for operative treatment. For this reason, the
criterion of significant pain reduction on a VAS was chosen to define successful
outcome. The graphic representation of pain over time by the VAS has been shown
to be well suited for longitudinal outcomes assessment45-48. We chose for the
change in pain per individual to define outcome because of the heterogeneity in
VAS scores within each patient group. It should be acknowledged that the choice
for the cut-off level of 30% improvement in pain to define success or failure is
arbitrary and debatable as it implies (as we also know from current clinical practice)
that many of the patients defined as a success in the present study still suffer from
residual LBP after treatment.
The spread in time between the pre- and posttreatment pain assessments
could be a confounding factor (in both fusion groups there were patients with less
than 24 months of follow-up). In the logistic regression, however, length of follow-
up was not found to contribute to the clinical outcome of successful pain relief
(p=0.48).
The total number of 82 fused patients in the present study is small and could
lead to a potential type II error. A sample size calculation (power=0.8, alpha set at
0.05) showed that 67 patients are sufficient to show a 15% difference in the rate
of success between the two groups (a difference less than 15% would be of little
clinical relevance). Therefore, we feel confident that the results presented here
justify our critical view concerning the value of evaluation of adjacent levels by
provocative discography prior to spinal fusion.
CONCLUSION
In the present cohort of chronic LBP patients the preoperative status of adjacent
discs, as determined by provocative discography, did not have any impact on the
clinical outcome after lumbar fusion.
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Lumbar discography: Should we use
prophylactic antibiotics?
A study of 435 consecutive discograms and
a systematic review of the literature
Willems PC, Jacobs WCH, Duinkerke ES, de Kleuver M
J Spinal Disord Tech 2004;17:243-247
ABSTRACT
Background. Lumbar discography can be used in the diagnostic work-up of degenerative
spine disease. The most serious complication is discitis, believed to be due to penetration of
the disc by a needle contaminated with skin flora. The use of prophylactic antibiotics has
been advocated, although there is great concern regarding their efficacy and possible
adverse effects on disc cells. 
Methods. In the current study, the incidence of postdiscography discitis without the use of
prophylactic antibiotics was studied in a consecutive patient group. Additionally, a systematic
literature review was performed using strict criteria: 1) Discography was performed by means
of a two-needle technique, 2) complications such as discitis were specifically looked for at
follow-up, and 3) the exact numbers of patients and those lost to follow-up were reported.
Results. The clinical results of 200 patients with 100% follow-up for a minimum period of 3
months showed no case of discitis. In the literature review, 10 studies were selected. Nine
studies without prophylactic antibiotics reported an overall incidence of 12 cases in 4891
patients (0.25%) or 12,770 discs (0.094%). The only study with prophylactic antibiotics (127
patients) showed no case of discitis.
Conclusions. Regarding the small number of patients in the only study in which antibiotics
were used and the overall low incidence of postdiscography discitis, not enough evidence
was found that prophylactic antibiotics can prevent discitis. It was concluded that in lumbar
discography by means of a two-needle technique without prophylactic antibiotics, the risk of
postdiscography discitis is minimal and there is not enough support from the literature to
justify the routine use of prophylactic antibiotics.
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INTRODUCTION
As part of the diagnostic work-up in the evaluation of degenerative spine disease,
lumbar discography can be performed in case the clinical problem may require
surgical treatment1,2. Next to visualizing the internal structure of the disc, the
benefit of discography is its ability to distinguish between symptomatic and
asymptomatic degenerative discs. In this way, when planning an arthrodesis of the
spine, the number of motion segments to be fused can be determined.
Discography is an invasive procedure with a fairly low complication rate3-5. The
most serious complication is discitis, believed to be due to penetration of bacteria
into the disc by a needle contaminated with skin flora6. Although very few authors
seem to have specifically checked for postdiscography discitis at follow-up,
generally low incidences have been reported3. As discitis is a serious complication
for a diagnostic procedure, prevention by the use of prophylactic antibiotics, either
intravenously or intradiscally, has been advocated7. There is, however, controversy
concerning the ability of intravenous antibiotics to penetrate the disc and reach a
therapeutic level8,9. Furthermore, little is known about possible side effects of the
use of intradiscal antibiotics. As damaging effects on disc tissue have already been
reported,10 caution regarding the use of prophylactic antibiotics is warranted.
In search for a clinical guideline in lumbar discography, the aims of the current
study were 1) to determine clinically postdiscography discitis incidence in a
consecutive group of patients without the use of prophylactic antibiotics and 2) to
perform a systematic literature review to study postdiscography discitis incidence in
general.
MATERIALS AND METHODS
During 1 year, the records of all consecutive patients undergoing lumbar discography
as part of the work-up for degenerative lumbar spine disease were investigated. All
procedures were carried out in the Radiology Department by orthopaedic residents
affiliated with the spine unit. No standard preoperative sedation was used, and no
prophylactic antibiotics were administered. According to the technique described by
McCulloch and Waddell,3 the patients were placed in the left lateral decubitus
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position. The skin was prepared with Betadine and draped in a routine manner. An
image intensifier was used to provide both lateral and anteroposterior views of the
spine. After superficial infiltration of local anesthetic, a solid stiletted double needle
(18-gauge outer and 22-gauge inner solid needle) was advanced to the intended
disc space. After fluoroscopic confirmation that the needle was in the center of the
disc, the inner solid needle was removed, and Isovist, a watersoluble, nonionic
contrast dye (Schering AG, Berlin, Germany), was injected slowly. If the disc center
could not be approached properly, an open, more flexible 22-gauge needle was
advanced through the outer needle to reach the center. Volume and pressure of the
dye injected as well as its distribution pattern in the disc were scored according to
the criteria of Adams et al,11 and the patient’s response was registered. For each
disc level, separate needles were used. One hour after the procedure, patients were
sent home with the instruction to return immediately in case of aggravated back
pain or fever. Routine control followed at 6-12 weeks after discography. In case of
pain, discomfort, or fever, laboratory and radiologic controls were performed.
Discitis was diagnosed when erythrocyte sedimentation rate (ESR) and C-reactive
protein (CRP) were raised and magnetic resonance imaging (MRI) revealed the
typical increased bony signal in the vertebral bodies with destruction of the
endplates and paravertebral signal enhancement12. In those cases where the
records did not reveal the postdiscography status or follow-up had been <12
weeks, patients were approached for a telephone interview and questioned for the
above-mentioned symptoms during the first 3 months after the procedure.
Literature Search Strategy and Selection Criteria
To obtain all relevant literature, the most common databases of published literature
were used:
Medline (1966 to January 2003)
Current Contents (1996 to February 2003
Cochrane database of randomized controlled trials (2003, issue 1)
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The search strings with the number of matches for each string are shown in Table 1.
No restrictions were made on language or date. On the basis of the abstracts, articles
were selected by two independent reviewers. The references from the selected
articles were checked in the same way to ensure no relevant articles were missed.
Articles were finally included when they met the criteria in the following checklist:
- Lumbar discography should be performed at all levels with an adequately
described two-needle technique under strict aseptic conditions.
- The presence of complications such as postdiscography discitis must have
been specifically looked for at follow-up and should be noted as such.
- The exact number of patients and those lost to follow-up should be noted.
- Preferably a minimum follow-up of 3 months was used. If both reviewers
could not reach consensus, a third reviewer was consulted.
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Table 1. Number of Articles Found with Search Strings and Databases Used
Database
Search Strings Medline Current Contents Cochrane
Diagnosis
Discitis (mesh) 690 101 3
Discitis (tw) 875 170 9
Infection (tw) 403,443 183,636 17,246
Postoperative complications (mesh) 244,608 893 13,919
Complications (tw) 1,288,535 82,472 37,381
Union diagnoses 1,625,657 256,529 54,355
Treatment
Intervertebral disc/radiography* (mesh) 1182 357 60
Discography (tw) 439 597 18
Union treatment 1390 935 73
Indication
Lumbar (tw) 44,472 14,341 2615
Lumbar vertebrae (mesh) 19,572 132 647
Union study design 44,472 14,341 2615
Intersection 219 36 24
Intersection databases 263
RESULTS
Discography was performed in exactly 200 patients (88 men, 112 women) with a
mean age of 41 (16-62) years. Forty patients had discography at one level, 85
patients at two levels, and in 75 patients three levels were involved. Thus, in total
435 discs were injected. Three patients had reported signs of discomfort or fever at
follow-up visit. Laboratory controls, however, showed no significant elevation of
ESR or CRP and their MRI scan was negative for discitis. As their symptoms resolved
spontaneously, discitis was excluded. As all patients could be reached by phone,
100% follow-up was guaranteed. No patient reported complaints of fever or
discomfort regarding his or her back in the first 3 months after discography, and
thus an overall incidence of 0% postdiscography discitis was registered.
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Table 2. Discitis Incidences in Selected Literature and Current Study by Patient and by Disc
Prophylactic No. of   
Study Year Antibiotics Patients    
Collis and Gardner13 1962 No 1014    
Patrick14 1973 No 123    
Colquhoun15 1977 No 716    
Milette and Melanson16 1982 No 500    
Fraser et al6 1987 No 210    
Guyer et al4 1988 No 2014    
Jackson et al17 1989 No 124    
Simmons et al18 1991 No 164    
Carragee et al19 2000 No 26    
Current study 2003 No 200    
Literature combined with
current study — No 5091    
Osti et al7 1990 Yes 127    
Literature Search
The search yielded 263 references, of which 217 papers were excluded on the basis
of an abstract and title that showed no relation to the human lumbar spine in vivo
and discography. The remaining 46 papers were subjected to a thorough
investigation with the aid of the above-mentioned criteria. Additionally, the
references were screened according to the same rules to make sure that no relevant
articles were missed. Finally, 10 papers,4,6,7,13-19 spanning a period of 40 years, were
selected and listed in Table 2. Two of these studies7,19 actually reported a minimum
follow-up of 3 months, whereas the remaining studies did not specify the exact
term of follow-up. In only one of the selected studies had prophylactic antibiotics
been used, and a postdiscography discitis incidence of 0% was found.7 In the other
nine studies, no prophylactic antibiotics had been administered. These studies
revealed 12 cases of discitis in 4891 patients and 12,770 discs with an incidence of
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 No. of Discitis Incidence by Incidence
 Discs Cases Patient (%) by Disc (%)
     2187 1 0.10 0.05
   341 0 0.00 0.00
    2000 1 0.14 0.05
     1009 3 0.60 0.30
     417 4 1.90 0.98
      6042 2 0.10 0.05
      231 0 0.00 0.00
      465 1 0.61 0.22
     78 0 0.00 0.00
     435 0 0.00 0.00
  
     13,205 12 0.24 0.09
     337 0 0.00 0.00
0.25% by patient and 0.094% by disc. Three of these studies,14,17,19 as well as the
current study, reported no case of discitis.
Combining the literature results with the current patient study leads to an
overall incidence of 0.24% by patient and 0.091% by disc.
DISCUSSION
Discitis after discography has been recognized as a distinct entity that is considered
to be due to bacterial infection6,20 and should not be confused with the common
exacerbation of backache after intradiscal injection most probably due to a
mechanical or chemical cause. The most common causative agents are considered
to be Staphylococcus aureus and S. epidermidis, although the incidence of gram-
negative bacteria appears to be rising10,21,22. Fraser et al6 isolated bacteria from the
disc in three of four discitis patients who had open biopsy <6 weeks after
discography, and they suggested bacteria introduced by the needle tip to be the
initiators of the disease. To eliminate the risk of injecting a core of soft tissue
including skin, the use of stiletted needles and a two-needle technique was
recommended, with which the incidence of discitis could be reduced from 2.7% to
0.7%. In a prospective clinical trial of 127 patients undergoing lumbar discography
with cephazolin added to the contrast dye, Osti et al7 reported no case of discitis
and recommended the use of a single dose of prophylactic broad-spectrum
antibiotic either added to the radiographic contrast material or administered
intravenously. However, Eismont et al23 reported no detectable levels in discs of
rabbits after intravenous administration of either cephalothin or oxacillin, and
Gibson et al8 was unable to retrieve any cephradine or flucloxacillin from human
intervertebral discs intraoperatively in 25 scoliosis patients. Boscardin et al9 found
therapeutic levels in only a short period after intravenous administration of high
doses of cefazolin, whereas Rhoten et al24 found quantifiable levels of cefazolin and
oxacillin in only 40% of human cervical discs. As the disc is an avascular structure
with blood vessels found only at its margins,25 intradiscal nutrition and levels of
permeation of drugs depend on passive diffusion through the adjacent endplates
and the surrounding annulus fibrosis. The disc has a negatively charged structure,
which implies that positively charged antibiotics such as gentamicin may diffuse
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more rapidly and be more effective than the negatively charged antibiotics such as
cephalosporins26. In a prospective study of 20 patients undergoing spinal surgery,
Tai et al21 could detect no therapeutic level of cefuroxime in the disc, whereas
gentamicin showed a 50% penetration from blood to disc, well within the
therapeutic range. They suggested, in accordance with Rhoten et al24 and
Langmayr et al,27 that high doses of cephalosporins are required to achieve
therapeutic levels in the disc. Important in this respect are the recent findings by
Hoelscher et al10 that high doses of antibiotics, including both cephalosporins and
aminoglycosides, can have deleterious effects on the survival of cultured disc cells,
cell proliferation, and metabolic rates. This may have serious implications if
antibiotics are to be mixed with contrast dye and injected directly into the disc,
creating local peak concentrations. Moreover, side effects of aminoglycosides are
well known, and sensitization or anaphylactic reactions should always be
anticipated28.
In the current study, lumbar discography was performed in 200 consecutive
patients by means of a stiletted two-needle technique under strict aseptic
conditions without the use of prophylactic antibiotics. A discitis incidence of 0%
was found. As method of study, the routine postclinical assessment was used,
which we consider crucial in the detection of postdiscography discitis. It has been
stated that underestimation of discitis incidence is possible because of the latent
period between discography and the onset of symptoms, lack of clinical contact
between patient and clinician, and lack of awareness by the clinician6,29. Therefore,
a routine follow-up visit is mandatory. As the onset of symptoms of discitis after
uneventful discography normally develops within a few weeks and at least within
10-12 weeks,29,30 we believe no case of discitis has gone undetected by our
method.
In a review of 15 studies, the North American Spine Society5 calculated an
overall incidence of <0.15% by patient and <0.08% by disc. Not all of these studies
reported the exact number of patients and those lost to follow-up, and no
distinction was made between studies using a one- or a two-needle technique. In
the current literature search, without the use of prophylactic antibiotics, overall
incidences of 0.25% by patient and 0.094% by disc were found (see Table 2). In
one of these selected papers,6 unusually high incidences (1.90% and 0.98%,
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respectively) in 210 patients were reported. This might have been caused by the fact
that in 61 of these patients, discography was performed by less experienced
physicians, leading to 3 cases of discitis (4.9%), as opposed to 1 case in 149
patients (0.7%) if the procedure had been carried out by an experienced
discographer. In the current literature search, only one study of lumbar discography
with the use of prophylactic antibiotics, in which discitis was specifically was looked
for, was selected7. In this series of 127 patients (337 discs), no case of discitis was
registered. However, to prove that additive antibiotics actually prevent
postdiscography discitis, given the incidence of 0.25% by patient, a randomized
trial of approximately 9000 patients would be needed to reach significance
(calculated sample size for dichotomous response variables). Taking into account
the possible adverse effects of antibiotics, we feel there is not enough evidence to
regard the routine use of prophylactic antibiotics indicated in lumbar discography.
At present, as has been stressed before,31 it is considered imperative that
discography be carried out by a physician who is very experienced with the
procedure, performs it on a routine basis, and is meticulous with the two-needle
technique and aseptic conditions.
CONCLUSIONS
This study has shown that lumbar discography performed with a stiletted two-
needle technique without prophylactic antibiotics can be a safe procedure with a
minimal risk of development of discitis. As there is no evidence in the literature that
prophylactic antibiotics actually reduce the incidence of discitis, we feel that the
routine use of prophylactic antibiotics in lumbar discography is not indicated.
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ABSTRACT
Study Design. In this study, 330 patients with incapacitating low back pain underwent
temporary external transpedicular fixation (TETF) of the lumbosacral spine in a prospective
trial.
Objective. To evaluate TETF as a test for selecting suitable candidates for segmental spinal
fusion.
Summary of Background Data. Few studies regarding TETF have been published, and
contradictory results concerning predictive value and morbidity were reported.
Methods. All patients were tested with the external fixator in two different positions:
fixation and nonfixation. Before and during the test and at follow-up examination, pain was
assessed on a Visual Analogue Scale (VAS). The TETF test was considered to be positive if the
VAS score in the fixation state was 30 or more points lower than in the nonfixation state.
Hence, a positive test would imply the decision to perform segmental lumbosacral fusion.
When the reduction was less than 30 points, the test was negative. Individual pain reduction
and working capacity were taken as measure of outcome.
Results. Most of the patients in this study (62%) underwent spinal surgery previously. The
positive and negative TETF groups were quite similar, but a large withingroup variation was
found. Within the fusion group of 123 patients, improvement in VAS scores and
improvement in working capacity were not significantly better for the positive TETF group in
comparison with the negative TETF group.
Conclusion. In this heterogeneous group of chronic patients with low back pain, TETF of the
spine (including a placebo trial) does not appear to be of value in selecting suitable
candidates for spinal fusion.
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INTRODUCTION
Surgical treatment for degenerative disc disease (DDD) of the lumbar spine is still
controversial1-4. Despite preoperative analysis by means of immobilization in a
pantaloon plaster cast, provocative discography, facet blocks, and psychological
screening, the result of lumbar fusion in chronic patients with low back pain is hard
to predict, especially after previous lumbar surgery5-10. A reliable test that can
predict whether a patient may benefit from fusion is needed.
Temporary external transpedicular fixation (TETF) of the lumbosacral spine has
been used as a diagnostic tool for decision-making in low back pain. Results of
mechanical studies suggest that external fixation constructs of the spine in a neutral
(i.e., not compressed nor distracted) position provide a high degree of stabilization
and that it is possible to relieve symptoms resulting from segmental spinal instability
by using this construct11-15.
Since the introduction of TETF by Olerud et al,16 some surgeons use the test to
predict the clinical result of spinal fusion17-20. In the later modified “dynamized state,”
the fixator bars are also fixed horizontally for some time, thereby providing no
immobilization at the instrumented level21. With this placebo trial added, the patient
serves as his or her own control. At this moment, there are no reports on the middle-
long and long-term success of TETF with a placebo trial to predict fusion outcome.
The aim of this long-term prospective study in patients with low back pain is
to evaluate whether TETF, including a placebo trial, can predict the clinical outcome
of lumbar segmental fusion.
METHODS
Patients with incapacitating low back pain for at least 1 year were selected for the
test. Before TETF, the patients had undergone conventional diagnostic tests, such as
radiologic and/or MRI imaging of the lumbar spine, and a pantaloon plaster cast
testing or provocative discography. On the basis of the data acquired with these
examinations, the symptomatic levels to be tested were determined. Only when it
remained unclear after these diagnostic tests whether the patient would benefit
from a fusion was the patient included in this study.
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During the TETF test, patients were hospitalized for 7 to 10 days. The insertion of the
external fixator was performed under general anesthesia with fluoroscopic control.
Initially, no antibiotics were given; however, since May 1997, antibiotic prophylaxis
(oral flucloxacillin 500 mg QID) was administered before the operation and continued
until discharge from the hospital. The AO tubular external fixator with self-tapping 5-
mm diameter Schanz’s screws was used. The external fixator was tested in two
positions: fixation and nonfixation (dynamisation). In the latter, the connecting bars
were placed horizontally, connecting two Schanz screws of the same vertebra. Hence,
there was no immobilization of the instrumented levels. For both positions, pain on a
Visual Analogue Scale (VAS) was assessed. Each test position was maintained for 2
days. The patient was unaware whether the instrumented levels were fixed or
dynamized. The surgeon randomly chose order of adjustment of the fixation. The first
adjustment was only made after 3 days to give the patient time to get used to the
device and to provide time to overcome postoperative pain. At the end of the test
period, the screws were removed under general anesthesia.
Suitable candidates for fusion were those patients who experienced adequate
pain relief in fixation and definitely less pain relief in the nonfixation position.
At the time of admission and before the test, pain on a VAS ranging from 0
(no pain) to 100 points (maximal pain), subjective pain sensations (good,
reasonable, fair, poor), and working capacity were noted. Working capacity was
determined by asking the patients to estimate what percentage of their jobs they
were able to do. For those receiving compensation, subtracting the percentage of
compensation from 100 made the estimation. Follow-up assessment, performed
with a written questionnaire, evaluated the same parameters. The TETF test result,
type of treatment after the test (fusion or conservative treatment and the type of
fusion), age, gender, duration of symptoms before the test, and preoperative
diagnosis were the variables tested.
Between October 1989 and October 2000, 330 patients (207 women and 123
men, average age 42 years, SD = ±9 years) underwent TETF. Patients had a wide
variety of preoperative diagnoses with the majority of patients (204 of 330 cases)
having undergone spinal surgery (Table 1). The mean duration of their symptoms
was 6 years (SD = ±5 years). In the majority of patients, L4-S1 (n = 150; 44%) or
L5-S1 (n = 78; 23%) was tested.
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The median follow-up period was 79 months (range, 15-144 months).
Patients had to complete the test to be included in the study. Two patients did not
complete the TETF due to complications. Questionnaire data are missing for
another 27 patients (2 deceased, 8 patients could not be found, 17 forms were not
returned in spite of repeated reminders). Thus, the response was 92% consisting of
108 male and 193 female patients. Unless otherwise specified, 301 subjects have
been used for the calculations. No differences in age, gender, duration of
symptoms, or length of follow-up were found between the patients who returned
the questionnaire and those who did not. For 272 patients (272 of 328 = 83%
returned questionnaires), working capacity both before and after the test could be
determined: in addition to the abovementioned 27 patients, 29 of 301 patients
who completed the questionnaire did not report their current working capacity.
Test Parameter. The TETF evaluation parameter was the VAS score at fixation
subtracted from the VAS score at nonfixation. A reduction of 30 points or more in
comparison to the nonfixation VAS score was defined as a positive TETF test. When
the reduction was less than 30 points, the test was defined to be negative.
Temporary external transpedicular fixation of the spine
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Table 1. Preoperative Diagnosis of 330 Patients Undergoing TETF
No. (%)
Previously operated 205 (62)
Postlaminectomy syndrome 69 (21)
Pain after herniotomy or chemonucleolysis 68 (21)
Pain after (solid) fusion (adjacent segment) 21 (6)
Pain after (doubtful) fusion 20 (6)
Pseudarthrosis 27 (8)
Not previously operated 125 (38)
Degenerative disc disease 100 (30)
Spondylolysis/listhesis 20 (6)
Other (post-traumatic/discitis) 5 (2)
Total 330 (100)
Outcome Parameters. The VAS score at follow-up subtracted from the VAS score
before the test was used as the outcome parameter. A reduction of 30% or more
in comparison to the initial VAS score was considered to be a clinically relevant
improvement in pain. Since subjective results correlated with change in VAS score (r
= 0.65, P = 0.00), only the latter was used as outcome parameter for pain. An
additional outcome parameter was the change in working capacity at follow-up
subtracted from the working capacity before the test.
Statistics. Nominal- and ordinal-scaled variables were analyzed using χ2 tests.
Differences in means of continuous and interval scaled variables (age and duration
of symptoms) were analyzed by paired and unpaired Student’s t test and analyses
of variance, with alpha set at 0.05. Pearson Moment Correlation Coefficients
estimated associations.
RESULTS
Change in VAS score correlated with subjective results (r = 0.65, P = 0.00) and was
used as outcome parameter for pain in the way as described in Methods (including
calculations with 30% differences).
The main complications associated with TETF were pin track infection and
nerve root irritation. No patients experienced leakage of cerebrospinal fluid. Pin
track infection occurred in 20 of 330 patients (6%). Surgical treatment to cure the
infection was required in 2 patients (0.6%). The rest healed uneventfully after
antibiotic treatment and removal of the external fixator at completion of the test.
Twenty-six of 330 patients (8%) had nerve root irritation that recovered after the
test in these patients without signs of permanent neural damage. Two patients with
root irritation had so much pain during the test that proper evaluation was
impossible and the external fixator was removed before completion of the test. A
positive TETF test result was found in 125 patients, whereas a negative test result
was found in 176 patients. The statistical analysis revealed a weak (0.51, P = 0.00)
correlation in TETF test result and the type of treatment; 70% (88 of 125) of the
patients with a positive TETF test result were treated by fusion, whereas 80% (141
of 176) of the patients with a negative TETF score were not operated on. The
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groups were quite similar but a large within group variation was found (Table 2).
The mean follow-up VAS scores were on average 8 points lower (on the basis of
100) in the group of patients who had a positive TETF test result (with or without
operation following) relative to the group of patients with a negative test (Table 3). This
difference is not of clinical relevance and not statistically significant. Improvement in
working capacity was not significantly related to TETF test result (Table 3).
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Table 2. Descriptives for Groups With Negative and Positive TETF Result in 301 Responders
Negative Positive
Age (yr) 41.8 ± 9.3 40.7 ± 8.7
Duration of complaints (yr) 6.1 ± 6.7 5.5 ± 5.1
Previous operations done (%) 64.8 61.6
Degenerative disc disease (%) 30.7 32.0
Failed back surgery cases (%) 61.9 60.0
Lysis/listhesis (%) 6.4 6.3
Other diagnosis (%) 1.2 4.0
Length of follow-up (mo) 80.8 ± 34.6 75.6 ± 33.8
Total no. of patients  = 301 176 125
Table 3. Mean VAS Score and Working Capacity in Groups With Negative and Positive TETF Result
Negative Positive
VAS score
Before TETF 73.6 ± 15.1 73.8 ± 17.7
Follow-up 62.9 ± 26.8 54.0 ± 31.7
Difference (before TETF —  follow-up) 10.7 ± 28.3 19.8 ± 32.2
Total no. of patients =  301 176 125
Working capacity
Before TETF (%) 19.7 ± 30.2 21.8 ± 31.8
Follow-up (%) 30.6 ± 33.0 38.5 ± 37.1
Difference (before TETF —  follow-up) 10.9 ± 37.0 16.7 ± 41.0
Total no. of patients =  272 160 112
Of the 301 patients, 123 (41%) underwent a definite fusion operation within 3 to
6 months (fusion group), and 178 (59%) were treated without operation
(nonoperative group). The median follow-up period was 78 months (range, 18-144
months) for the fusion group and 76 months (range, 15-144 months) for the
nonoperative group. Seventy-three percent (90 of 123) of operations were
performed by posterolateral fusion supplemented with pedicle screw fixation and
33 of 123 (27%) via an anterior procedure. No differences in result between these
groups were found.
Within the fusion group, patients with a negative TETF test result showed a
mean VAS score improvement of 11 (±33) points at follow-up, whereas the group of
patients with a positive TETF test result showed a mean improvement of 22 (±31)
points (Table 3). This 11- point difference is not statistically significant because of the
large within-group variation. Improvement in working capacity was not significantly
better in the positive TETF group than in the negative TETF group (Table 4).
Similar results are found if one compares improvement in the fusion group.
Within the patients with a negative TETF, 29% showed an improvement in the VAS
score while 46% of patients with a positive TETF showed improvement in VAS
(Table 5). This 17% difference is not statistically significant, again probably because
of the same large within-group variation.
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Table 4. Fusion Group: VAS Score sand Working Capacity in Groups With Negative and Positive TETF
Result and Results of T Test for Equality of Means
Negative Positive df P
VAS scores
Total no. of patients  = 123 35 88
Difference (before TETF  — follow-up) (%) 11.2 ± 33.5 22.2 ± 30.6 121 0.08
Working capacity
Total no. of patients  = 108 31 77
Difference (before TETF  — follow-up) (%) 13.2 ± 35.3 15.4 ± 38.0 106 0.77
DISCUSSION
In a previous study with the earlier results of part of the current patient group,19
TETF appeared to be a valuable tool for surgical decision-making in patients with
low back pain. The present study with a much larger patient group and longer
follow-up does not confirm those findings.
Patients with a positive and negative TETF test result were equivalent in age,
gender, duration of symptoms, and preoperative diagnosis. Between positive and
negative TETF test groups, no clinically relevant improvement in VAS score or
working capacity was found at follow-up. Within the fusion group, pain reduction
did not differ between patients with a positive and those with a negative TETF test.
Only a weak correlation (r = 0.5) between the TETF test result and the type of
treatment was found. After the TETF test, the final decision whether to operate or
not was based on result of the test combined with the clinical judgment of patient
and surgeon, whereas statistical analysis at follow-up was performed by using the
exact calculated TETF test result. This explains the fact that despite a positive TETF
test in 30% of the patients an operation was not performed, whereas 20% of the
patients with a negative TETF score were treated by fusion.
A serious drawback of the test is that it is an invasive procedure, involving the
percutaneous placement of pedicle screws under fluoroscopic control. Misplacement
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Table 5. Fusion Group: Negative and Positive TETF Result vs. Percentage Improvement of >30% or
<30% in VAS Score
Category % Improvement
(VAS score before TETF —  follow-up)
<30%  ≥30% Total
Negative TETF (no.) 25 10 35
% within negative TETF 71 29 100%
Positive TETF (no.) 48 40 88
% within positive TETF 55 45 100%
Total (no.) 73 50 123
of the screws can lead to neurologic damage. The 8% nerve root irritation in the
current study is in concordance with the 0% to 9% reported in other series of external
skeletal fixations17,18,22-25. In 2 patients, the external fixator had to be removed before
completion of the test due to pain caused by root irritation. No permanent neurologic
deficit was found. Pin track infection occurred in 6% of the patients, only 2 patients
needing surgical treatment for this infection. Other authors reported an infection rate
of 2% up to 18%17,18,22-25.
Probably, complication rate increases with the duration of the test23. Since May
1997, flucloxacillin was administered orally in this trial as long as the external fixator
was in situ. This coincided with a drop in infection rate from 7% before to 0%,
indicating that prophylactic use of antibiotics prevents infection in these patients.
Although we realize that pain is only one of many determining factors leading
to the suffering of patients with low back pain, pain on a VAS was chosen for the
assessment of outcome. It is impossible to use advanced back pain scores such as
Oswestry at every position of the fixator bars, so for methodologic reasons a pain
score had to be used. The change in VAS score at follow-up correlated reasonably
well with subjective results. A large intrinsic error in registration of a VAS score can
be found: “Putting a dot on a line” is inherently inaccurate. Nevertheless, it remains
an objective method of outcome evaluation, as the patient serves as his own control.
The lack of homogeneity in VAS scores was corrected by dichotomizing the scores in
this analysis by defining the test result as positive when the difference in VAS scores
in the fixation state subtracted from the nonfixation state was ≥30 and as negative
when this difference was less than 30 points. Also, a reduction of ≥30% at follow-
up in comparison to the initial VAS score was considered to be a clinically relevant
improvement in pain. When used in this dichotomized manner, the results are not
only statistically but also clinically relevant. 
CONCLUSION
The results of this study show that in this heterogeneous group of chronic patients
with low back pain, of whom 62% underwent spinal surgery previously, TETF with
a fixation and a nonfixation period fails to predict the long-term outcome of lumbar
segmental fusion and that the procedure has complications. Therefore, TETF
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appears to be of no value as a tool for surgical decision making in this
heterogeneous group of patients with chronic low back pain.
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ABSTRACT
Background. Spinal fusion is a commonly used but controversial treatment for low-back
pain, with clinical results that are comparable to those of programmed conservative care. As
proper patient selection may improve these results, we investigated the prognostic accuracy
of tests that clinicians use in daily practice to predict the outcome of spinal fusion for low-
back pain.
Methods. We analysed studies that compared the results of prognostic tests (MRI,
provocative discography, facet joint blocks, orthosis immobilisation, and temporary external
fixation) with the clinical outcome of spinal fusion for low-back pain. Study populations with
neurologic deficit, fracture, infection, ankylosing spondylitis, neoplasm or deformity were
excluded. Ten studies met the inclusion criteria. Study quality was assessed by two
independent reviewers with the Quality Assessment of Diagnostic Accuracy Studies
(QUADAS) checklist, modified for prognostic studies.
Findings. Three studies on immobilisation by an orthosis (median [range] positive likelihood
ratio (LR), 1·10 [0·94 to 1·13], negative LR, 0·92 [0·39 to 1·12]), four studies on provocative
discography (positive LR, 1·18 [0·70 to 1·71], negative LR, 0·74 [0·24 to 1·40]), and three
studies on temporary external transpedicular fixation (positive LR, 1·22 [1·02 to 1·74],
negative LR, 0·58 [0·15 to 0·94]) failed to show clinically useful prognostic accuracy. No
studies reporting on MRI or facet joint blocks could meet the inclusion criteria. Obscure
patient selection, high risk of verification bias, and outcome assessment with poorly validated
instruments precluded strong conclusions. Results are applicable to secondary settings where
patients with low-back pain are evaluated. 
Interpretation. Results of spinal fusion for low-back pain remain unpredictable. Best
evidence does not support the use of any prognostic test in clinical practice. At present, no
subset of patients with low-back pain can be identified, for whom spinal fusion is a reliable
and effective treatment. 
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INTRODUCTION
Although not life-threatening, low-back pain imposes huge costs to society,1 either
directly by healthcare consumption, or indirectly by lost productivity because of
work absenteeism and early retirement2. The estimated total costs of back pain in
the USA have been reported to exceed 100 billion dollars per year3.
If conservative treatment programs fail,4 lumbar spinal fusion may be
performed, however, its results are conflicting and hard to predict for the individual
patient5,6. Ten years ago lumbar fusion was not proven to be any better than placebo
or natural history7. In 2001, the first randomised controlled trial (RCT)8 concluded
that fusion does have a beneficial effect for some patients as compared to usual
conservative care at two years follow-up, although the effect appeared to attenuate
at 4 years follow-up9. Two later RCTs compared fusion to cognitive behavioural
exercise therapy10 or an intensive rehabilitation program11 and reported equal
improvement for surgery and conservative treatment at one year and two years
follow-up, respectively. As spinal fusion surgery is associated with substantial
complications,12 health care use,13 and morbidity,9,14 proper patient selection to
identify those patients who will actually benefit from fusion, is mandatory.
History taking and physical examination may reveal psychological distress or
social factors leading to chronicity of pain,15-17 however, they cannot predict the
outcome of fusion18. The association of low-back pain with imaging is weak,19,20
and although MRI has been recommended as the imaging study of choice for the
clinical evaluation of patients with back pain,21 its ability to predict the outcome of
spinal fusion is unknown.
In practice, many clinicians rely on prognostic tests for patient selection. The
most commonly used are provocative discography, facet joint blocks (both tests
intend to identify the source of low-back pain), immobilisation by an orthosis, and
temporary external transpedicular fixation of suspect spinal levels (both mechanical
tests that intend to mimic the immobilising effect of a spinal fusion).
Considering that false-positive test results will lead to unnecessary invasive
and expensive surgery with potential complications, whereas false-negative test
results will withhold adequate treatment from patients who may benefit from
fusion, it is essential to know the prognostic accuracy of these tests.
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We therefore conducted a systematic review on the performance of MRI,
provocative discography, facet joint blocks, orthosis immobilisation, and external
fixation to predict the clinical outcome of lumbar spinal fusion for back pain. In
addition, the risk of bias of the selected studies was appraised. 
METHODS
Prognostic tests
The following tests were considered relevant for the purpose of this systematic review:
Magnetic Resonance Imaging (MRI)
Facet joint degeneration and abnormal disc morphology can be identified on MRI
of the lumbar spine. Loss of T2-signal intensity, collapse, Modic changes22 and high
intensity zones are commonly observed in the disc and presumed to be a source of
pain23.
Provocative discography
Under sterile conditions a stiletted needle is advanced into the center of the intended
disc space. Under fluoroscopic control a contrast agent is injected. If this injection
provokes pain similar to the patient’s usual pain, (i.e., concordant pain) and, preferably,
if one or two control discs adjacent to the suspect disc do not elicit concordant pain, the
test is considered positive24. The extent of degeneration of the injected disc(s) is
determined on fluoroscopy or a CT-scan immediately after the procedure.
Facet joint blocks
Using an aseptic technique and fluoroscopic guidance, local anesthetic is injected
into the facet joint. Between 0.5 and 3 hours after injection, the amount of pain
relief is recorded. In case of substantial pain relief, the test is considered positive25.
Immobilisation by an orthosis
A standard brace or corset is prescribed, or a plaster cast can be applied26. In a
pantaloon cast, one hip is fixed within the cast for better immobilization of the
lumbosacral junction. Patients are expected to wear the TLSO or cast for at least 2
to 4 weeks and are encouraged to perform as much daily life activities as possible.
In case of significant pain relief, the test is considered positive.
Immobilisation by temporary external transpedicular fixation (TETF)
Under general anesthesia, antibiotic prophylaxis and fluoroscopy, two screws are
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inserted percutaneously through the pedicles into the vertebra above, and two screws
into the vertebra below the suspect disc(s), respectively. Postoperatively, the
protruding screw ends are fixed externally with two vertical bars, which immobilises
the disc(s) of interest. In case of adequate pain relief, the test is considered positive.
Optionally, immobilisation can be discontinued without knowledge of the patient by
fixing the bars horizontally (dynamisation),27 which should annul pain relief.
Data Sources and Searches
A literature search was conducted according to the guidelines by Devillé et al28. We
explored Pubmed (1966-May 2010) and Embase (1974-May 2010) databases and
used search terms for relevant test procedures, study design and patient population.
For the tests the following terms were used: immobilisation, thoracolumbosacral
orthosis, surgical cast(s), provocative discography, discography, temporary external
fixation, facet joint blocks, zygapophyseal joint blocks, imaging and MRI. For study
design we used the terms prognosis, prognostic, accuracy, predictive, diagnosis,
diagnostic test(s), and diagnostic technique(s). For patient population the terms lumbar
spine, lumbar vertebrae, lumbosacral, spinal, low back pain, degenerative disc disease,
intervertebral disc(k), disc degeneration, failed back surgery syndrome, spondylosis,
spinal fusion and spondylodesis. Both Mesh terms and free text words were entered.
Study selection
Two authors (PW, JBS) screened the titles and abstracts of all references identified by
the literature search to determine whether they met the following inclusion criteria: 
- Patients should suffer from low-back pain for at least three months.
- Studies should contain both patients with a positive and patients with a
negative index test result, who subsequently underwent spinal fusion.
- Clinical outcome after fusion, which was considered as the reference
standard, should be presented per individual patient in such a way that a
relevant clinical improvement cut-off could be defined for analysis, and
outcome could be dichotomized into “success” or “failure”. 
- Pain should have been incorporated as clinically-relevant outcome measure.
Other possible outcome measures were subjective improvement, back-specific
disability, disability for work, and patient satisfaction.
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- Studies should include at least 20 patients.
- Only studies in English, German, French or Dutch were considered.
- Study populations with objective neurologic motor deficit, fracture, infectious
disease, ankylosing spondylitis, neoplasm, congenital or adolescent idiopathic
scoliosis, kyphosis, or adult scoliosis were excluded.
Full publications of studies which were considered as potentially relevant by
both authors were retrieved. The articles were read and checked for final inclusion
independently. Consensus meetings were organised to discuss any disagreement
with regard to study selection. In cases where disagreement persisted, a third
reviewer (RdB) was consulted for the final decision. The references of the articles
identified by this search were checked for additional eligible studies.
Data Extraction and Quality Assessment
Relevant study data were retrieved by the same two reviewers using standardised
forms. Extracted information included: standard reference data (first author, journal
and publication year), number of patients, characteristics of study population before
surgery (i.e., age, gender, severity and duration of pain and/or disability), index test
of interest, spinal fusion method, measures of outcome, and clinical outcome.
The two reviewers independently assessed the methodological quality of
included studies by means of a modified version of the Quality Assessment for
Diagnostic Accuracy Studies (QUADAS) checklist29. The QUADAS is a generally
acknowledged checklist to assess the quality of primary studies of diagnostic
accuracy. As there are no gold standard criteria for quality assessment of studies of
prognostic accuracy, we modified the QUADAS checklist, as follows (see Table 1):
Item 1 and 2 of the original QUADAS remained in the modified version. The original
item 3 (Is the reference standard likely to correctly classify the target condition?)
was left out because for the selected studies in the present review, the reference
standard and target condition are the same (i.e., clinical outcome after fusion).
Instead, whether the reference standard was assessed by valid measures of
acceptable quality, was included as item 3. Item 4 of the original QUADAS (Is the
time period between the reference standard and the index test short enough to be
reasonably sure that the target condition did not change in the time period
between these tests?) was removed because, in order to obtain a reliable estimation
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of clinical outcome after lumbar spinal fusion (i.e., reference standard), the length
of follow-up should be at least two years30 (modified item 4). The original item 5
(Did the whole sample or a random selection of the sample receive verification
using a reference standard of diagnosis?) was left out because for inclusion in the
present review, all analysed patients from the selected studies had undergone
fusion and subsequent clinical outcome assessment. Item 6 of the original QUADAS
(Did patients receive the same reference standard regardless of the index test
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Table 1. QUADAS modified for prognostic accuracy: Criteria list to assess the risk of bias of included studies
Quality criteria
1. Was the spectrum of patients representative of the patients who will receive
the index test in practice?
2. Were selection criteria clearly described?
3. Were the outcomes used to assess recovery collected by means of validated
measures of acceptable quality?*
4. Was a sufficiently long follow-up period (2 years or more) used to asses the
outcome of the spinal fusion operation?*
5. Did all patients receive spinal fusion followed by the outcome assessment
(i.e., the reference standard) regardless of the index test result?
6. Was the execution of the index test described in sufficient detail in order to
permit replication of the test?
7. Was a clear cut-off point used to qualify positive versus negative results of
the index test?*
8. Did the effect sizes that were used to consider patients as being recovered
(i.e., the reference standard) meet accepted standards of clinical relevance,
i.e., a minimal important change (MIC) of 30% or more?*
9. Were the clinical outcomes after fusion assessed without knowledge of the
results of the index test?
10. Were the same clinical data available when index test results were
interpreted as would be available when the test is used in practice?
11. Were uninterpretable results of the index test reported?
12. Were withdrawals from the study explained?
QUADAS = quality assessment of diagnostic accuracy studies57
*Items 3, 4, 7, and 8 are modified items.
result?) remained unchanged (modified item 5). Item 7 of the original QUADAS
(Was the reference standard independent of the index test or did the index test
form part of the reference standard?) was removed because the outcome of fusion
was assessed much later than the index test. The original item 8 was included in the
modified QUADAS version as item 6. The modified item 7 was added to verify
whether an objective, clearly defined cut-off point was mentioned to determine
whether the index test was positive or negative. Item 9 of the original QUADAS
(Was the execution of the reference standard described in sufficient detail in order
to permit replication of the test?) was transformed into whether the assessment of
clinical outcome after fusion was adequately addressed according to accepted
standards of clinical importance31 (modified item 8). Item 10 of the original
QUADAS (Were the index test results interpreted without knowledge of the
reference standard?) was left out because fusion outcome was assessed much later
than the preoperative index test. The original items 11, 12, 13 and 14 were
included as items 9, 10,11 and 12, respectively. We resolved disagreements about
quality ratings by discussion and consensus. Studies that met more than half (seven
or more) of the 12 criteria were classified “higher-quality”, and those that met six
or less criteria “lower-quality”.
Data Synthesis and Analysis
By combining outcome (dichotomised into “success” or “failure”) with the test
results (positive or negative), prognostic 2x2 tables with four cells (true positives,
false negatives, false positives and true negatives) could be generated and test
qualifiers, such as sensitivity, specificity, predictive values and likelihood ratios with
95% confidence intervals were calculated. Calculations were done with MetaDisc
statistical software version 1.432. Statistical pooling was only performed if studies on
a specific index test were not hampered by statistical or clinical heterogeneity.
Statistical heterogeneity was defined as non-overlapping 95% confidence intervals
for estimates of sensitivity and specificity, and a difference in these estimates among
the studies of more than 20%33,34. We considered studies as clinically heterogeneous
when patient groups, outcome measures, or the execution of index tests were
different. In cases of statistical or clinical heterogeneity we refrained from statistical
pooling and the results were presented per individual study.
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RESULTS
Figure 1 shows the flow chart of studies from initial results of publication searches
to final inclusion. Of the 22 selected full articles, we excluded six studies in which
only patients with a positive index test had been selected for lumbar fusion35-40. We
also excluded six other studies, in which prognostic accuracy could not be
determined because only mean values of recovery were reported without
proportions of patients with success or failure of treatment25,41-45. Finally, 10
studies26,46-54 met the inclusion criteria.
Characteristics of included studies
Study characteristics are listed in Table 2. Three papers concerned immobilisation by
an orthosis26,46,47. Four papers reported on discography, of which two studies
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Step 1
763 citations identified through combined literature
search of electronic databases Pubmed and Embase
Step 3
19 full-text articles retrieved and assessed for
eligibility
Step 5
Ten studies included
• Three articles on preoperative immobilisation by
an orthosis
• Four articles on provocative discography of
suspect and/or adjacent levels
• Three articles on preoperative immobilisation by
temporary external transpedicular fixation
Step 2
744 citations excluded based on evaluation of titles
and abstracts
Step 4
Three additional full-text articles included by
reference screening
12 articles excluded
• Six studies included only patients with a positive
index test
• Six studies did not report proportions of patients
with successful outcome
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Source Setting N
Patients (N) for
current analysis 
Mean age ± sd
(range, if
specified)
Gender No. of
male patients
Axelsson et al,47
1995
Tertiary
(University
Hospital)
50 50 44 (20-68) 56 (28%)
Rask and Dall,27
1993
Tertiary
(University
Hospital)
45 25 43.7 (20-61) Not specified
Willems et al,48
2006
Tertiary
(Specialized
Hospital)
257 107 40 ± 8.8 (rangenot specified) 39 (36%)
Thoracolumbosacral orthosis
Table 2. Characteristics of Primary Prognostic Studies on the Outcome of Lumbar Spinal Fusion
Colhoun et al,50
1988
Tertiary
(Orthopaedic
Hospital)
195 168 39.1 (17-70) 86 (51%)
Esses et al,55
1989
Tertiary
(University
Hospital)
32 22 41 (31-57) 18 (84%)
Provocative discography
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Intractable LBP:
spondylolisthesis
(n=24), facet/disc
degeneration
(n=11) or
postlaminectomy
syndrome (n=15),
duration not
specified
Retrospective
Thoracolumbo-
sacral orthosis or
canvas corset;
Positive in case of
≥ 50% subjective
pain relief
24
Postero-lateral
fusion with
autograft
Pain free or
significantly
improved on a 5-
point pain scale
and satisfied on a
3-point
satisfaction scale*
> 6 months back
pain (mean 3.9
years), no
neurological
motor deficit,
herniation or
olisthesis >2mm,
38% with prior
spine surgery
Retrospective
Fiberglass
pantaloon cast;
Positive in case of
pain relief that
returned after
removal of the
cast
Minimum of 6
Postero-lateral
fusion with
autograft
Significant
subjective pain
relief*
Incapacitating
LBP, mean 3.7
(0.5-31) years, no
neurological
motor deficit and
routine testing
indecisive, 65%
with prior spine
surgery (N=70)
Retrospective
Pantaloon plaster
cast; Positive in
case of subjective
substantial pain
relief in the cast
Median of 76
(15-144)
Postero-lateral
(n=79) or anterior
fusion (n=28)
≥ 30% decrease
in pain on a VAS
(0-100)
Patient
characteristics Study design
Index test and
criterion for
positive result
Follow-up in
months (range) Method of fusion 
Criteria for positive
reference standard
(=fusion outcome)
 
Persistent LBP, no
previous back
surgery, duration
not specified
Retrospective 
Provocative
discography;
Positive in case of
typical pain
reproduction
which was not
present in
adjacent control
discs
Mean of 43 (24-
120)
Anterior or
posterior fusion
(numbers not
specified)
Complete pain
relief or significant
subjective
improvement,
resumption of
work/normal
duties and no
intake of
analgesics*
Longstanding LBP,
mean duration of
6.2 (1-20) years,
54% with prior
spine surgery
Prospective
Provocative
discography, no
control discs;
Positive in case of
typical pain
reproduction
“When fusion
was noted”
Postero-lateral
fusion with
autograft
Complete or
significant relief
of pain*
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Gill and
Blumenthal,53
1991
Tertiary
(Orthopaedic
Institute)
53 53 34 (21-50) 36 (68%)
Table 2. Characteristics of Primary Prognostic Studies on the Outcome of Lumbar Spinal Fusion
Source Setting N
Patients (N) for
current analysis 
Mean age ± sd
(range, if
specified)
Gender No. of
male patients
Willems et al,49
2007
Tertiary
(Specialized
Hospital)
197 82 40 ± 8.5 (rangenot specified) 26 (32%)
Elmans et al,51
2005
Tertiary
(Specialized
Hospital)
330 123 42 ± 9 (range notspecified) 45 (37%)
Temporary external transpedicular fixation
Heini et al,52
2004
Tertiary
(University
Hospital)
63 36 48 (26-67) 22 (62%)
Jeanneret et al,54
1994
Secondary
(Regional
Hospital)
101 43 48 (22-74) 43 (58%)
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LBP with a mean
disability of 11
(3-120) months,
all selected by
concordant pain
response
provoked at
discography L5-S1
Design not
specified
Discography
image of L5-S1,
no control disc(s);
Positive in case of
annular tear
extending to the
periphery
Mean of 36 (24-
54) 
Anterior fusion
with allograft
(n=48) or
autograft (n=5)
Relief of ≥ 75%
of initial back
pain on VAS,
return to work
and no use of
narcotics
Patient
characteristics Study design
Index test and
criterion for
positive result
Follow-up in
months (range) Method of fusion 
Criteria for positive
reference standard
(=fusion outcome)
Incapacitating
LBP > 1 year
(mean duration
not specified), no
neurological
motor deficit and
routine testing
indecisive, 65%
with prior spine
surgery (N=53)
Retrospective
Provocative
discography of
adjacent to
intended fusion;
positive in case of
no or unfamiliar
pain reproduction
Mean of 80 (15-
144)
Postero-lateral or
anterior fusion
(numbers not
specified)
≥ 30% decrease
in pain on a VAS
(0-100)
Incapacitating
LBP > 1 year
(mean duration of
6 ± 5 years) with
inconclusive
routine testing,
62% with prior
spine surgery
Prospective
TETF with
dynamisation;
Positive if VAS in
placebo was ≥ 30
points more than
VAS in fixation 
Median of 79
(15-44) months
Anterior (n=33)
or postero-lateral
(n=90) fusion
≥ 30% decrease
in pain on a VAS
(0-100)
   
LBP with a mean
duration of 5 (1-
20) years, 67%
with prior spine
surgery
Prospective
TETF without
dynamisation;
Positive if pain on
VAS and use of
analgesics
decreased
sufficiently
(estimated by
surgeon)
Mean of 32 (23-
60)
Postero-lateral
fusion, except 3
dynamic fixations
and 1 anterior
fusion
No or little pain
on a VAS and no
pain medication*
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Chronic LBP with
or without leg
pain, duration not
specified, routine
testing
indeterminate
Design not
specified
TETF with
dynamisation;
Positive if pain
was reduced at
stabilization and
returned at
destabilization
Mean of 50 (24-
92)
Posterior or
anterior fusion
(numbers not
specified)
Almost
completely pain
free, no pain
medication and
working*
focused on provocative discography of suspect levels,49,54 one study on provocation
of the levels adjacent to the intended fusion,48 and the fourth study focused on the
amount of degeneration as registered at discography in a group of patients with a
positive discographic pain response52. Three papers evaluated trial-immobilisation
by external fixation50,51,53.
The sample sizes of included studies ranged from 22 to 162. Two studies
reported exclusively on patients without prior spine surgery49,52. The length of
follow-up ranged from six months or “when fusion was noted”54 to 12 years. Either
anterior or posterolateral fusion was performed. In those studies in which both
procedures were performed, no difference in outcome between the two types of
fusion was reported47-50.
Five studies47,48,50-52 used a VAS to score pain: Three studies47,48,50 defined a
cut-off point of at least 30% decrease in pain as a clinically relevant improvement,
one study52 a decrease of at least 75%, and one study51 “little or no pain on a
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Table 3. Risk of bias: Number of quality criteria of the QUADAS Checklist modified for prognostic 
accuracy, that were met by each included study (+ = yes; - = no; ? = unclear)
Quality Criteria
Source 1 2 3 4 5 6 7 8 9 1  
Thoracolumbosacral orthosis
Axelsson,47 1995 + - - + + + + - ? + ? ? 6
Rask and Dall,27 1993 + + - - - + - - + + - + 6
Willems,48 2006 - + + + - + - + + + - + 8
Provocative discography
Colhoun,50 1988 + ? - + + + - - ? + ? ? 5
Esses,55 1989 + - - - - - ? - - + - ? 2
Gill and Blumenthal,53 1991 - - ? + + ? + - - ? ? + 4
Willems,49 2007 - + + + - + ? + + - - + 7
Temporary external transpedicular fixation
Elmans,51 2005 - - + + - + + + + ? ? + 7
Heini,52 2004 - - + + - + - - - + + + 6
Jeanneret,54 1994 + ? - + - + - - - + - ? 4
Number of trials meeting critera 5 3 4 8 3 8 3 3 4 7 1 6
*Maximum score is 12
LBP = low-back pain; TETF = temporary external transpedicular fixation; VAS = visual analog scale
*No validated outcome measure reported
VAS”. The other studies used a subjective pain scale (“pain free” or “significant
pain relief” versus “insignificant or no pain relief”)26,46,49,53,54.
No studies reporting on facet joint blocks or MRI could satisfy our inclusion
criteria.
Methodological Quality
The two reviewers agreed on 77 of the 120 items (64%) scored. After discussion,
consensus could be reached on all items. Most disagreements were because of reading
errors or ambiguous reporting. The results of the quality assessment are shown in Table
3. Three studies received a positive assessment of meeting seven or more modified
QUADAS criteria, and were classified as “higher-quality”47,48,50. The most prevalent
shortcomings were: “Uninterpretable index test results not reported”, “no clear cut-
off point defined for positive and negative index test results”, and “not all tested
patients underwent fusion regardless of the index test result (verification bias)”.
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7 8 9 10 11 12 Total score*
 
+ - ? + ? ? 6
R   - - + + - + 6
- + + + - + 8
 
- - ? + ? ? 5
E ? - - + - ? 2
G   + - - ? ? + 4
? + + - - + 7
   
+ + + ? ? + 7
H - - - + + + 6
J - - - + - ? 4
    3 3 4 7 1 6
*    
              
    
Prognostic accuracy
Statistical pooling was not feasible because of heterogenous patient populations,
different test protocols, poor reporting, and variability in outcome measures.
Orthosis. An orthosis or cast immobilization could neither confirm nor rule out a
good outcome after spinal fusion with variable sensitivity (0·43-0·94; median
[range] positive LR, 1·10 [0·94-1·13]) and specificity (0·14-0·61; median [range]
negative LR, 0·92 [0·39-1·12]), respectively26,46,47.
Provocative discography. The four studies reporting on the prognostic value of
discography showed variable sensitivity (range 0·40-0·88; median [range] positive
likelihood ratio (LR), 1·18 [0·70-1·71]) and specificity (0·27-0·48; median [range]
negative LR, 0·74 [0·24-1·40])48,49,52,54 (Table 4). In one study likelihood ratios were
statistically significant49 (positive LR, 1·71; 95% CI, 1·21-2·4 and negative LR, 0·24;
95% CI, 0·13-0·43), but specificity was low, 0·48, meaning that only half of the
patients who would not improve after fusion, could be detected.
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Table 4. Summary Accuracy of orthosis, provocative discography, and temporary external
transpedicular fixation for predicting the outcome of lumbar spinal fusion
Source Sample Sensitivity Specificity Positive Negative Positive LR Negative LR
size predictive predictive (95% CI) (95% CI)
value value
Thoracolumbosacral orthosis
Axelsson,47 1995 50 0.61 0.35 0.64 0.32 0.94 (0.60 to 1.5) 1.1 (0.52 to 2.4)
Rask and Dall,27 1993 25 0.94 0.14 0.74 0.50 1.1 (0.80 to 1.5) 0.39 (0.03 to 5.4)
Willems,48 2006 107 0.43 0.61 0.44 0.61 1.1 (0.71 to 1.8) 0.92 (0.67 to 1.3)
Provocative discography
Colhoun,50 1988 168 0.88 0.48 0.88 0.48 1.7 (1.2 to 2.4) 0.24 (0.13 to 0.43)
Esses,55 1989 22 0.40 0.43 0.60 0.25 0.70 (0.29 to 1.7) 1.4 (0.54 to 3.6)
Gill and Blumenthal,53 1991 53 0.81 0.41 0.74 0.50 1.4 (0.89 to 2.1) 0.47 (0.20 to 1.1)
Willems,49 2007 82 0.73 0.27 0.45 0.55 0.99 (0.76 to 1.3) 1.0 (0.52 to 1.9)
Temporary external transpedicular fixation
Elmans,51 2005 123 0.80 0.34 0.46 0.71 1.22 (0.98 to 1.5) 0.58 (0.31 to 1.1)
Heini,52 2004 36 0.81 0.20 0.45 0.57 1.0 (0.74 to 1.4) 0.94 (0.24 to 3.6)
Jeanneret,54 1994 43 0.93 0.47 0.77 0.78 1.7 (1.1 to 2.8) 0.15 (0.03 to 0.65)
CI = confidence interval; LR = likelihood ratio.
Temporary external transpedicular fixation. Sensitivity was generally high
(range, 0·80-0·93; median [range] positive LR, 1·22 [1·02-1·74]), but specificity was
low (range 0·20-0·47; median [range] negative LR, 0·58 [0·15-0·94])50,51,53, 54 In one
study likelihood ratios were statistically significant53 (positive LR, 1·74; 95% CI,
1·07-2·8 and negative LR, 0·15; 95% CI, 0·03-0·65) with a specificity of 0·47. 
DISCUSSION
We systematically reviewed the reported accuracy of prognostic tests that are
commonly used in clinical practice to predict the outcome of spinal fusion for low-
back pain. From the vast amount of literature on the management of back pain,
only ten studies evaluating three tests, allowed determination of prognostic
accuracy. All tests failed to reliably predict the outcome of spinal fusion with
likelihood ratios approaching one (no discriminative value at all).
The relatively small number of eligible studies and the substantial risks of bias
in most selected studies, limited our findings. A major drawback was that in all but
three studies, a proportion of patients who had undergone the index test with a
negative test result, had been denied fusion and excluded from analysis (risk of
verification bias). Ideally, fusion should have been performed independent of the
index test result.
Our analysis was limited to pain as this was the only measure of outcome to be
consistently incorporated in all studies. Although pain represents only one aspect of the
complex low-back pain problem, it is the primary indication for operative treatment.
In order to determine the accuracy of a test, it is essential that the
interpretation of the test result is unequivocal and that a clear cut-off point for a
positive versus negative test result has been defined. The lack of a clear cut-off
point in most studies has hampered pooling of results and impairs replication of the
test in other settings.
Six studies25,41-45 that reported mean clinical improvement after fusion for groups
of patients with a positive and a negative index test result, respectively, were excluded
from our review. Since no proportions of patients with a good clinical outcome were
reported,31 no 2x2 tables could be created to determine prognostic accuracy. Three of
these excluded studies reported on MRI with conflicting results: In one study41
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inflammatory vertebral endplate changes (Modic type I)22 were significantly related to
continued back pain after fusion, whereas the other two studies showed a significantly
better,43 or a “relatively” better (no statistics)42 outcome for patients with Modic type
I endplate changes, respectively. A study on preoperative test bracing,44 revealed “a
clear tendency for poorer prognosis for patients who had responded poorly to the
brace”. Another excluded study focusing on pressure-controlled discography,45
reported no significant differences in long-term surgical outcome across the entire
sample. A study on facet joint blocks25 failed to show any significant correlation
between test results and the outcome of spinal fusion.
The lack of scientifically proven accuracy of prognostic tests is reflected in the
high degree of clinical uncertainty and variability in outcome of fusion surgery for
low-back pain5,55. Studies among spine surgeons show that there is no consensus in
treatment strategy,56,57 and the present results confirm that in many clinical practices
patients are scheduled for fusion on the basis of tests, of which the accuracy is
insufficient or at best unknown. In this respect, it is disappointing that for MRI, the
recommended standard diagnostic tool for low-back pain,58 no studies could be
identified to determine its prognostic accuracy for the outcome of spinal fusion.
As treatment for low-back pain, cognitive behavioural therapy or intensive
exercise programs10,11,59 have similar results but with considerably less
complications, morbidity and costs,9,14 as compared to fusion. As patients with a
good outcome cannot be identified, fusion should not be recommended as
standard treatment for low-back pain. However, if we feel spinal fusion may be
effective for some patients with persisting symptoms after programmed
conservative care, future prognostic studies with larger patient numbers, a clear
description of participants, blinding of assessment and independent interpretation
of test results are needed. These studies should compare both positively and
negatively tested patients for whom clinical outcome is defined by a consensus cut-
off point of improvement in pain and functional status, a so-called minimal clinically
important change31,60. Thus, reliable predictors of intervention would enable
physicians to counsel their patients better in weighing the risks and benefits of
fusion. For now, however, best evidence does not support the use of any prognostic
test in clinical practice. No subset of patients with low-back pain could be identified
for whom spinal fusion is a reliable and effective treatment. 
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GENERAL DISCUSSION
Despite greater knowledge, expertise, and health care resources for treating spinal
pathologies, chronic disability resulting from nonspecific low back pain has risen
exponentially in western society. Surgical intervention by means of lumbar spinal
fusion remains a controversial treatment with variable and unpredictable results for
the individual patient12. Whereas ten years ago there was no evidence that lumbar
fusion might be any better than placebo or natural history17, the first randomized
controlled trial (RCT)16, which was performed in 2001, indicated that fusion does
have a beneficial effect for some patients as compared to usual conservative care,
although the effect appeared to attenuate at longer follow-up15. Two more recent
RCTs compared fusion surgery to cognitive behavioural based exercise therapy6 or
an intensive rehabilitation program13. Both studies reported equal improvement for
the surgical and the conservative treatment modality at 1 year and 2 year follow-up,
respectively. Fusion, however, had a higher complication rate38 and appeared to be
less cost- effective than intensive rehabilitation26. 
When aiming to improve the results of fusion for chronic low back pain
(CLBP), it is crucial to know which patients will benefit from fusion. Unfortunately,
a proper set of tools for patient selection does not exist. History taking and physical
examination are helpful in identifying signs of sciatica or serious spinal conditions,
such as fracture, tumor, infection or deformity. Psychosocial risk factors for delayed
recovery may be identified as well, however, there are no specific findings to predict
the outcome of lumbar fusion in CLBP patients8. Imaging generally reveals
nonspecific findings of degeneration, such as annular disruption3,9,21 and endplate
changes37, which have been associated with low back pain, but are also commonly
found in cross-sectional studies of asymptomatic persons5,22. Essentially, in the
evaluation of low back pain, the indications for imaging are not to confirm
nonspecific LBP or to predict the outcome of its treatment, but to rule out specific
causes, such as fractures, infection, tumors or impending neurological injury.
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Aims: Prognostic tests for spinal fusion in CLBP
The aims of the present thesis were to investigate the value, use and appreciation
of three prognostic tests (i.e., immobilization by a thoracolumbosacral orthosis
(TLSO), provocative discography, and trial immobilization by temporary external
transpedicular fixation (TETF)), which are commonly used in daily practice for
patient selection. These tests aim to predict the outcome of lumbar spinal fusion
either by mimicking a fusion, or by trying to identify the source of pain in the
individual patient.
Aim 1: Is there consensus among spine surgeons regarding the use of
prognostic tests for lumbar spinal fusion in CLBP patients?
In chapter 2, the results of a nationwide survey among spine surgeons in the
Netherlands were presented. The comments were compared with findings from the
prevailing literature. The survey revealed a lack of uniformity in the use and
appreciation of prognostic tests for lumbar fusion in CLBP patients. Prognostic
factors known from the literature were not consistently incorporated in the
surgeons’ decision making process either.
Aim 2: Does immobilization by a pantaloon cast truly minimize
lumbosacral motion?
In chapter 3a, the hypothesized working mechanism of a pantaloon cast
(minimization of lumbosacral joint mobility) was studied. In patients who were
admitted for a temporary external transpedicular fixation test (TETF), infrared light
markers were fixed to the protruding pins of transpedicular screws fixed at two
spinal levels. Three-dimensional motion between these levels was analyzed opto-
electronically. During dynamic test conditions (walking), wearing a pantaloon cast
did not significantly decrease lumbosacral joint motion.
Aim 3: Can immobilization by a thoracolumbosacral orthosis (TLSO) predict
the clinical outcome of spinal fusion for CLBP?
In chapter 3b, a systematic review of the literature supplemented with a prospective
cohort study was performed in order to assess the value of a TLSO in surgical
decision-making. It appeared that only in a small group of CLBP patients with no
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prior spine surgery, a pantaloon cast test with substantial pain relief suggests a
favorable outcome of lumbar fusion as compared to conservative treatment. In
patients with prior spine surgery the test was of no value.
Aim 4: Does provocative discography of adjacent segments predict the
long-term clinical outcome of spinal fusion for CLBP?
In chapter 4a, a cohort of patients for whom the decision to perform lumbar fusion
was based on a TETF trial, was studied. The results of preoperative discography of
levels adjacent to the fusion were analyzed retrospectively. It was concluded that in
this select group of patients the discographic status of discs adjacent to a lumbar
fusion could not predict the clinical outcome of fusion at long-term follow-up.
Aim 5: What is the incidence of postdiscography discitis and is there a
need for routine antibiotic prophylaxis?
In search for clinical guidelines, the risk of postdiscography discitis was studied in
chapter 4b, by means of a systematic literature review and a cohort of 200
consecutive patients. Without the use of prophylactic antibiotics, an overall
incidence of discitis of 0.25% was found in the literature. In the patient cohort no
discitis was noted. To prove that antibiotics actually prevent postdiscography
discitis, a randomized trial of 9,000 patients would be needed to reach significance.
Given the possible adverse effects of antibiotics, it was concluded that the routine
use of prophylactic antibiotics in lumbar discography is not indicated.
Aim 6: Can temporary external transpedicular fixation (TETF) help to
predict the clinical outcome of spinal fusion in CLBP patients with an
equivocal indication for surgery?
In chapter 5, TETF as a test to predict the long-term clinical outcome of lumbar
fusion was studied in a group of patients for whom there was doubt about the
indication for surgery. Using strict and objective criteria of pain reduction on a visual
analogue scale, the TETF test failed to predict the clinical outcome of fusion in this
select group of patients. It was concluded that in chronic low back pain patients
with a doubtful indication for fusion, TETF is not to be recommended as a
supplemental tool for surgical decision-making.
Chapter 7
164
Aim 7: What is the prognostic accuracy of the most commonly used tests
in clinical practice to predict the outcome of spinal fusion for CLBP?
Chapter 6 presents the results of a systematic literature review concerning the
prognostic accuracy of magnetic resonance imaging (MRI), TLSO immobilization, TETF,
provocative discography and facet joint infiltration. Only 10 studies reporting on three
different index tests (discography, TLSO immobilization and TETF) could be selected. It
appeared that the overall methodological quality of the included studies was poor and
the determined accuracy of the prognostic tests was low with likelihood ratios
approaching 1 in most studies. It was concluded that best evidence does not support
the value of any of these tests to improve patient selection in daily practice.
Based on the studies in the present thesis, there are no reliable prognostic
tests at present, to aid surgeons in the clinical decision whether or not to perform
a lumbar fusion in a patient with CLBP. 
If it appears from the literature that lumbar spinal fusion as a treatment for
CLBP is no better or worse than structured conservative care programs, and if
current prognostic tests fail to improve overall results by better patient selection,
should spinal fusion still be considered as a standard treatment for CLBP?
It has been suggested that the elimination of segmental motion by spinal fusion
creates an abnormal biomechanical condition leading to degeneration of adjacent
segments and subsequent re-operations4. In that respect, motion preserving
strategies such as Total Disc Replacement (TDR) should, theoretically, provide better
long-term clinical outcome. The use of TDR, however, appears to be limited to a
relatively small group of patients with early disc degeneration with preservation of
disc height and in the absence of significant facet joint arthritis14. In these highly
selected patients the clinical results of TDR at 2 and at 5 years follow-up, respectively,
have not been proven to be superior to lumbar fusion18. Moreover, the long-term
endurance of TDR and the fate of the facet joints following these implants are still
unknown. The rate of technically difficult revision procedures with serious
complications is likely to increase at longer-term follow-up10,33. In conclusion, at this
stage TDR cannot be considered a more appropriate treatment for CLBP as compared
to spinal fusion.
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Approach of CLBP patients in daily practice
What could be the reason that the results of lumbar fusion and Total Disc
Replacement for chronic low back pain remain disappointing despite tremendous
efforts in research and innovation?
Basically, the surgical point of view, i.e., the search for an underlying anatomic
cause or pain source, should not be our first approach in the evaluation and
treatment of CLBP. The traditional biomedical treatment model does not appear to
work well in these patients. This model suggests the recognition of symptoms and
signs, identification of underlying injury or disease, treatment with specific therapy
and the expectation that the patient will recover. Such an approach indeed works
well when dealing with patients with specific LBP in whom causality for the pain
can be identified, such as in spondylolisthesis, tumor or trauma. In the case of CLBP,
however, causality is more complex and back pain is rather a symptom than a
diagnosis in patients with different stages of impairment and disability. These
patients appear to be better evaluated by the so-called biopsychosocial model36,
which posits that biologic, social and psychological factors all are implicated in any
given state of health or disease. The model aims to identify factors associated with
delayed recovery35 and calls for assessment of cultural beliefs, anxiety,
kinesiophobia, depression, stress from work or family, job dissatisfaction,
somatisation, lack of control, and a high perception of disability. All these factors
may affect the patient’s symptoms and resulting disability. Aiming to treat
underlying psychosocial factors and empowering the patient to take responsibility
for managing his or her own condition, should be key factors in the initial treatment
of CLBP patients. Chronic pain has much less impact on the well-being of a patient
if he or she can function normally. Treatment should thus primarily focus on
functional capacity with return to work and usual activities, and secondarily on pain
relief.
In recent years, much progress has been made with cognitive behavioral and
intensive exercise programs. The goal of cognitive behavioral interventions is to
have the patient understand, accept, and gain control of his or her back pain
problem and possible consequences, such as loss of self-esteem, fear of movement,
depression, family problems, work loss and social withdrawal. Behavioral therapy
has been proven to be more effective than placebo or no treatment2 and there is
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strong evidence that it should be used in patients with CLBP24, especially if
psychosocial signs or symptoms are present. In occupational settings, it has been
shown that individual graded behavioral-oriented exercise programs can
significantly reduce days lost at work30,32.
Different kinds of exercise therapies appear to be equally effective for
CLBP1,34. However, it has been shown that intensive multidisciplinary
biopsychosocial rehabilitation with a functional restoration approach reduces pain
significantly more than inpatient or outpatient non-multidisciplinary programs or
usual care8,19. 
Future care for CLBP patients: The case for a multidisciplinary Spine Center
In current medical practice, patients seeking care can contact clinicians from
different medical disciplines with expertise at treating CLBP. These doctors all have
their own specific training skills, opinions and therapy proposals, which may differ
substantially. There is not even assurance that clinicians within the same medical
discipline will offer a similar treatment. This can be both confusing and frustrating
for patients. Ideally, clinicians should be aware of all commonly used therapies and
able to counsel their patients which treatment may be preferable at that moment.
Consequently, they should be willing to refer patients to colleagues, either within or
outside their own discipline, who may be better trained to provide the most
appropriate treatment20.
Current evidence points to improved triage of low back pain patients in a
multidisciplinary setting or Spine Center with a standardized intake, which includes
thorough history taking, physical examination, psychosocial evaluation and
adequate imaging. Patients expect diagnostic explanations, adequate pain relief
from treatment, instructions on how to deal with persisting pain and disability, and
perhaps help with sickness certification. Good patient counselling that provides a
reliable estimation of the effectiveness of a planned therapy, should be evidence
based, i.e., determined by the individual physician’s expertise and expectation of
treatment success7, combined with the best available clinical evidence from
systematic research29. Patient education on the choice of treatment and the
expected outcomes seems to be a key factor to success and clinical negotiation
appears to be an essential tool when it comes to discussing pain as an active
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process involving patient expectations and coping strategies25,35.
Patients with acute low back pain (less than 4 weeks of symptoms and
without signs of specific LBP) can be treated with adequate pain medication and are
recommended to keep as active as possible and resume work within 2 weeks. The
treatment of patients with nonspecific LBP of 4 to 12 weeks has been called the
“window of opportunity”23. In these patients it is essential to prevent the onset of
CLBP with long-term disability. From pain research it is known that the processing
of pain occurs at three levels (peripheral, spinal and the brain) and the longer pain
in an organ or a nerve lasts, the more chance that the perception of the pain is
altered and that it becomes chronic, regardless of the state of that specific organ or
nerve. This phenomenon is called spinal sensitization and central nervous system
plasticity11. Although psychological factors alone rarely cause pain, they do trigger
or exacerbate a pain episode and contribute to the distress and disability
experienced by the patient. Therefore, in CLBP, treatment that aims at pain
modulation at all three levels (peripheral, spinal and the brain) generally achieves
better pain management than therapy that only targets on one site.
Multidisciplinary therapy should provide a treatment regimen of evidence-based
interventions in a stepwise active approach19, starting with intensive exercise
programs or cognitive behavioral interventions that may be combined with pain
intervention (medication or neural ablative procedures) or psychotherapy.
What could be the role of spinal fusion in this multidisciplinary approach?
In the 2006 European guidelines it was stated that “only if a prolonged period of
acknowledged conservative treatment modalities fails to relieve symptoms, fusion
surgery for CLBP may be considered”2. However, we found that fusion results
remain unpredictable and current prognostic tests are not able to improve surgical
outcome. For patient selection, proper diagnostics that include the assessment of
the individual patient’s potential to benefit from surgery, are prerequisite in order to
conceive realistic predictions of treatment outcome. So, if we believe there is a role
for spinal fusion in the treatment of CLBP, more high quality trials to determine
prognostic accuracy of tests, as well as the treatment’s safety and its effect on pain,
function and return to work will be needed12.  RCTs provide a high level of evidence
in comparing effectiveness of two treatment modalities, but may be restricted by a
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limited external validity, which means that the results cannot be generalized for all
CLBP patients28. Therefore, observational data with indeed a lower level of evidence
but a higher feasibility of being closer to daily practice, should be collected as well.
The implementation of currently developing well-organized spine registries27,31
should enable the spinal community to acquire such representative data of high
validity. As clinicians, we need such data, not only to counsel our patients, but also
to inform other health care providers, insurers and policy makers whether spinal
fusion may truly be an effective treatment strategy for a particular subgroup of
CLBP patients, and whether it can be embedded in the current, widely supported
multidisciplinary active approach of CLBP.
CONCLUSION
Surgical indications for CLBP remain ill defined. The relationship between pain and
a degenerative intervertebral disc is unclear, and at the current state of knowledge,
lumbar spinal fusion for CLBP is no better or worse than cognitive behavioral
therapy or intensive exercise programs. However, fusion has a higher complication
rate and is more costly for society. Treatment of CLBP patients should proceed in a
multidisciplinary stepwise fashion, from the least invasive to the most invasive
treatment. Patient education and counseling on the pros and cons of all treatment
options are mandatory. If we believe there is a future role for spinal fusion in the
treatment of these patients, better patient selection with subsequent improved
outcome compared to conservative programs should be realized. For now, however,
tests that are used in daily practice to predict the outcome of lumbar fusion do not
succeed in identifying a subgroup of patients that will reliably benefit from fusion.
Therefore, as its results remain unpredictable, spinal fusion is not to be
recommended as a standard treatment for CLBP. The main message should be to
encourage patients to take an active course of treatment in order to prevent long-
term disability and chronicity. 
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SUMMARY
The general introduction in chapter 1 posits the problem of chronic low back pain
(CLBP), one of the main causes of disability in the western world with a huge
economic burden to society. For CLBP no specific underlying anatomic cause has been
identified. Imaging often reveals degenerative findings of the disc or facet joints of one
or more lumbar motion segments. These findings, however, can also be observed in
asymptomatic people. It has been suggested that pain in degenerated discs may be
caused by the ingrowth of nerve fibers into tears or clefts of the annulus fibrosus or
nucleus pulposus, and by reported high levels of pro-inflammatory mediators. As this
so-called discogenic pain is often exacerbated by mechanical loading, the concept of
relieving pain by spinal fusion to stabilize a painful spinal segment, has been
developed. For some patients lumbar spinal fusion indeed is beneficial, but its results
are highly variable and hard to predict for the individual patient. To identify those CLBP
patients who will benefit from fusion, many surgeons rely on tests that are assumed to
predict the outcome of spinal fusion. The three most commonly used prognostic tests
in daily practice are immobilization in a lumbosacral orthosis, provocative discography,
and trial immobilization by temporary external transpedicular fixation. Aiming for
consensus on the indications for lumbar fusion and in order to improve its results by
better patient selection, it is essential to know the role and value of these prognostic
tests for CLBP patients in clinical practice.
In chapter 2, the results of a national survey among spine surgeons in the
Netherlands are presented. The surgeons were questioned about their opinion on
prognostic factors and about the use of predictive tests for lumbar fusion in CLBP
patients. The comments were compared with findings from the prevailing literature.
The survey revealed a considerable lack of uniformity in the use and appreciation of
predictive tests. Prognostic factors known from the literature were not consistently
incorporated in the surgeons’ decision making process either. This heterogeneity in
strategy is most probably caused by the lack of sound scientific evidence for current
predictive tests and it was concluded that currently there is not enough consensus
among spine surgeons in the Netherlands to create national guidelines for surgical
decision making in CLBP.
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In chapter 3a, the hypothesized working mechanism of a pantaloon cast (i.e.,
minimization of lumbosacral joint mobility) was studied. In patients who were
admitted for a temporary external transpedicular fixation test (TETF), infrared light
markers were fixed to the protruding pins of two spinal levels. In this way three-
dimensional motion between these levels could be analyzed opto-electronically.
During dynamic test conditions such as walking, a plaster cast, either with or without
unilateral hip fixation, did not significantly decrease lumbosacral joint motion.
Although not substantiated by sound scientific support, lumbosacral orthoses or
pantaloon casts are often used in everyday practice as a predictor for the outcome of
fusion. In chapter 3b, a systematic review of the literature supplemented with a
prospective cohort study was performed in order to assess the value of a pantaloon
cast in surgical decision-making. It appeared that only in chronic LBP patients with
no prior spine surgery, a pantaloon cast test with substantial pain relief suggests a
favorable outcome of lumbar fusion compared to conservative treatment. In
patients with prior spine surgery the test was of no value.
It is believed by many spine surgeons that provocative discography, unlike
plain radiographs or magnetic resonance imaging, is a physiologic test that can
truly determine whether a disc is painful and relevant in a patient’s pain syndrome,
irrespective of the morphology of the disc. It has been suggested that in order to
achieve a successful clinical outcome of lumbar fusion, suspect discs should be
painful and adjacent control discs should elicit no pain on provocative discography.
In chapter 4a, a cohort of patients in whom the decision to perform lumbar fusion
was based on an external fixation (TETF) trial, was studied. The results of
preoperative discography of solely the levels adjacent to the fusion were analyzed
retrospectively. It appeared that in this select group of patients the discographic
status of discs adjacent to a lumbar fusion did not have any effect on the clinical
outcome.
The most feared complication of lumbar discography is discitis. Although low
in incidence, this is a serious complication for a diagnostic procedure and prevention
by the use of prophylactic antibiotics has been advocated. In search for clinical
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guidelines, the risk of postdiscography discitis was studied in chapter 4b, by means
of a systematic literature review and a cohort of 200 consecutive patients. Without
the use of prophylactic antibiotics, an overall incidence of postdiscography discitis of
0.25% was found. To prove that antibiotics would actually prevent discitis, a
randomized trial of 9,000 patients would be needed to reach significance. Given the
possible adverse effects of antibiotics, it was concluded that the routine use of
prophylactic antibiotics in lumbar discography is not indicated.
In chapter 5, the middle- and long-term results of external fixation (TETF) as
a test to predict the clinical outcome of lumbar fusion were studied in a group of
back pain patients for whom there was doubt about the indication for surgery. The
test included a placebo trial, in which the patient was unaware whether the lumbar
segmental levels were fixed or dynamized. Using strict and objective criteria of pain
reduction on a visual analogue scale, the TETF test failed to predict clinical outcome
of fusion in this select group of patients. Pin track infection and nerve root irritation
were registered as complications of this invasive test. It was concluded that in
chronic low back pain patients with a doubtful indication for fusion, TETF is not
recommended as a supplemental tool for surgical decision-making.
Chapter 6 presents the results of a systematic literature review concerning the
prognostic accuracy of tests that are currently used in clinical practice and that are
presumed to predict the outcome of lumbar spinal fusion for CLBP. The tests of
interest were magnetic resonance imaging (MRI), TLSO immobilization, TETF,
provocative discography and facet joint infiltration. Only 10 studies reporting on
three different index tests (discography, TLSO immobilization and TETF) could be
selected. It appeared that the overall methodological quality of included studies was
poor and the determined accuracy of the prognostic tests was low. Higher quality
trials that include negatively tested as well as positively tested patients for fusion are
needed in order to be able to calculate test qualifiers, such as sensitivity, specificity
and likelihood ratios, to truly determine the prognostic accuracy of these tests. It
was concluded that best evidence does not support the use of any prognostic test
in clinical practice. At present, no subset of patients with low-back pain can be
identified, for whom spinal fusion is a reliable and effective treatment.
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The general discussion in chapter 7 focuses on the current and possible future role
of lumbar spinal fusion for CLBP, and is based on work from the present thesis
combined with findings from the literature. Causality of nonspecific spinal pain is
complex and CLBP should be regarded as a symptom rather than a diagnosis in
patients with different stages of impairment and disability. The so-called
biopsychosocial model for the evaluation of CLBP patients is explained. This model
aims at identifying underlying psychosocial factors as well as biological factors.
Patient triage in a multidisciplinary setting or Spine Centre is advocated and the
value of other treatment options, such as cognitive-behavioral therapy and
intensive exercise programs, is further elaborated. Treatment should occur in a
stepwise fashion starting with the least invasive treatment. The current, widely
supported active approach of CLBP is recommended, and emphasis should be laid
on self-management and empowerment of patients to take an active course of
treatment in order to prevent long-term disability and chronicity.
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SAMENVATTING
In de algemene introductie van hoofdstuk 1 wordt het probleem chronische lage
rugpijn, één van de belangrijkste oorzaken van arbeidsongeschiktheid in de
Westerse wereld met hoge kosten voor de maatschappij, uiteengezet. Als oorzaak
voor chronische lage rugpijn is tot op heden geen specifieke onderliggende
anatomische afwijking gevonden. Beeldvormende diagnostiek toont vaak tekenen
van degeneratie van de discus intervertebralis en eventueel de facetgewrichten van
één of meerdere lumbale bewegingssegmenten. Deze bevindingen worden echter
ook vaak gezien bij mensen zonder rugklachten. Pijn in een gedegenereerde discus
wordt mogelijk veroorzaakt door het ontstaan van scheuren in de anulus fibrosus of
nucleus pulposus tijdens degeneratie waarbij ingroei van sensibele zenuwvezels is
gevonden. Tevens zijn hoge concentraties van pro-inflammatoire mediatoren
gerapporteerd. Aangezien deze zogenaamde discogene pijn vaak verergerd wordt
door mechanisch belasten, is de gedachte ontstaan om pijn te verlichten middels het
vastzetten van een verondersteld pijnlijk bewegingssegment, oftewel spondylodese.
Dit geeft inderdaad voor een aantal patiënten adequate pijnvermindering, maar de
resultaten zijn sterk wisselend en moeilijk te voorspellen voor de individuele patiënt.
Om patiënten die baat zullen hebben van een spondylodese te selecteren,
vertrouwen veel wervelkolomspecialisten op tests die verondersteld worden het
resultaat van spondylodese te kunnen voorspellen. De 3 meest gebruikte
prognostische testen in de dagelijkse praktijk zijn proef-immobilisatie in een
lumbosacrale orthose, provocatie discografie, en test-immobilisatie middels
tijdelijke externe fixatie.
Om consensus te creëren betreffende de indicatie-stelling tot spondylodese
voor chronische lage rugpijn, alsmede om de resultaten hiervan te kunnen
verbeteren door betere patiëntenselectie, is het essentieel om de rol en waarde van
bovengenoemde prognostische tests voor de patiënt in de dagelijkse praktijk te
kennen.
In hoofdstuk 2 worden de resultaten van een nationale enquête onder
Nederlandse wervelkolomchirurgen gepresenteerd. De chirurgen werd gevraagd
naar hun mening over prognostische factoren, alsmede naar hun gebruik van tests
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die het klinische resultaat van spondylodese voor chronische lage rugpijn kunnen
voorspellen. De antwoorden werden vergeleken met de heersende opvattingen uit
de vakliteratuur. De enquête toonde een gebrek aan uniformiteit in gebruik en
waardering van de voorspellende tests. Prognostische factoren bekend uit de
literatuur werden niet consequent betrokken in de besluitvorming tot spondylodese.
Deze heterogeniteit in behandelingsstrategie wordt hoogstwaarschijnlijk veroorzaakt
door het gebrek aan wetenschappelijk bewijs voor de waarde van deze
voorspellende tests. Er werd geconcludeerd dat er momenteel onvoldoende
consensus onder Nederlandse wervelkolomchirurgen bestaat om nationale
richtlijnen voor de indicatiestelling tot spondylodese bij chronische lage
rugpijnpatiënten op te kunnen stellen.
De intentie van een proeftest met een gipscorset met pijp is het minimaliseren
van lumbosacrale mobiliteit om zo het effect van een spondylodese te simuleren.
Dit effect werd in hoofdstuk 3a bestudeerd in een groep patiënten met chronische
lage rugpijn bij wie twijfel over de indicatie tot spondylodese bestond en die
opgenomen waren voor een tijdelijke transpediculaire externe fixatietest (zie
hoofdstuk 7). Hierbij werden 2 metalen frames met infrarood licht reflecterende
bollen rigide gefixeerd op de percutaan uitstekende uiteinden van transpediculaire
schroeven in 2 wervelsegmenten. Zo kon het driedimensionale bewegingspatroon
tussen deze segmenten opto-elektronisch bepaald worden. Het bleek dat onder
dynamische test condities, zoals tijdens lopen, een gipscorset met pijp geen
significante vermindering van lumbosacrale mobiliteit bewerkstelligt.
Hoewel er geen gedegen wetenschappelijke onderbouwing voor is, worden
thoracolumbosacrale orthoses (TLSO) of gipscorsetten in de dagelijkse praktijk
regelmatig gebruikt om het klinische resultaat van een spondylodese te voorspellen.
In hoofdstuk 3b wordt de waarde van proefimmobilisatie met een TLSO
bestudeerd in een patiënten cohort, alsmede middels een systematische review van
de literatuur. Alleen bij patiënten zonder eerdere rugoperatie bleek dat, indien zij
substantiële pijnvermindering tijdens het dragen van de TLSO ondervonden, het
klinische resultaat van een spondylodese significant beter was dan van
conventionele conservatieve behandeling. Voor patiënten die eerder wegens
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rugklachten waren geopereerd (zogenaamde failed back surgery patiënten) bleek
de test geen voorspellende waarde te hebben.
Voorstanders van discografie stellen dat, in tegenstelling tot röntgenfoto’s of
een MRI-scan, provocatie middels discografie een fysiologische test is waarmee bij
een patiënt bepaald kan worden of een discus, ongeacht morfologische kenmerken,
als oorzaak van de pijn beschouwd mag worden. Zo wordt gesuggereerd dat om
een goed klinisch resultaat van spondylodese te mogen verwachten, discografie van
de te fixeren discus duidelijk herkenbare pijn moet opwekken, terwijl bij
aangrenzende “controle” disci geen herkenbare pijn geprovoceerd mag worden. In
hoofdstuk 4a werd een cohort van patiënten bestudeerd die provocatie discografie
hadden ondergaan, maar waarbij de indicatie tot spondylodese was gesteld op basis
van een tijdelijke transpediculaire externe fixatietest (zie hoofdstuk 7). De resultaten
van preoperatieve provocatie middels discografie van de aangrenzende “controle”
disci werden retrospectief geanalyseerd. Bij deze patiënten bleek het latere klinische
resultaat van spondylodese niet bepaald te worden door de preoperatieve
discografische status (wel of geen herkenbare pijn bij provocatie middels discografie)
van aangrenzende “controle” disci.
Hoewel de incidentie laag is, wordt discitis als de meest gevreesde complicatie
van discografie beschouwd. Aangezien het een relatief ernstige complicatie voor
een diagnostische procedure betreft, wordt veelvuldig het routinematig gebruik van
antibiotica profylaxe bij discografie geadviseerd. Op zoek naar standaardisering van
klinische richtlijnen werd het risico op discitis na discografie bestudeerd in
hoofdstuk 4b. In een systematische review van de literatuur, aangevuld met een
cohortstudie van 200 opeenvolgende patiënten waarbij discografie zonder
antibiotica profylaxe werd uitgevoerd, werd een discitis incidentie van 0,25%
gevonden. Om te kunnen bewijzen dat antibiotica profylaxe daadwerkelijk het
risico op postdiscografie discitis significant kan verminderen, zou een randomised
trial (RCT) van 9.000 patiënten nodig zijn. Gezien de mogelijke bijwerkingen van
antibiotica en risico op resistentie-vorming, werd geconcludeerd dat routinematige
antibiotica profylaxe bij lumbale discografie niet is geïndiceerd. Uiteraard dient de
procedure onder strikt steriele omstandigheden verricht te worden.
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In hoofdstuk 5 wordt de waarde bestudeerd van tijdelijke externe transpediculaire
fixatie (TETF) als test om het lange termijn klinische resultaat van spondylodese te
voorspellen in een cohort patiënten waarbij twijfel over de indicatie tot
spondylodese bestond. Bij de test was ook de zogenaamde “placebo-stand”
inbegrepen, waarbij zonder dat de patiënt het wist, de fixerende staven horizontaal
werden geplaatst zodat er geen daadwerkelijke immobilisatie van 2 wervelniveaus
plaatsvond. De mate van pijnvermindering die de patiënt ondervond tijdens de test
werd genoteerd op een visueel analoge schaal (VAS) waarbij 30% pijnreductie als
klinisch relevant werd beschouwd. De test bleek bij deze selecte patiëntengroep
niet in staat het klinische resultaat van spondylodese betrouwbaar te voorspellen.
Schroefgat infectie en zenuwwortel irritatie werden frequent geregistreerd als
complicatie van deze invasieve test. Geconcludeerd werd dat bij lage rugpatiënten
waarbij een onzekere indicatie tot spondylodese bestaat na routine diagnostiek,
TETF niet aanbevolen dient te worden als extra test voor klinische besluitvorming.
Hoofdstuk 6 presenteert een systematische review van de literatuur
betreffende de validiteit van prognostische tests die momenteel in de dagelijkse
praktijk gebruikt worden om het klinische resultaat van spondylodese bij chronische
lage rugpijn te voorspellen. Onderzocht werden: MRI, corset-immobilisatie, tijdelijke
externe fixatie, provocatie discografie en facetgewricht blokkade. Slechts 10 studies
waarbij voorspellende indicatoren als sensitiviteit en specificiteit waren bepaald,
konden geïncludeerd worden. De prognostische accuratesse van de
geïdentificeerde tests was laag. Bovendien was de methodologische kwaliteit van
vrijwel alle geselecteerde studies matig tot slecht zodat geen definitieve uitspraken
gedaan konden worden. Om de daadwerkelijke prognostische waarde van
bovengenoemde tests te kunnen bepalen, zullen studies van betere kwaliteit qua
opzet en uitvoering verricht dienen te worden. Hierbij dienen ook patiënten met
een negatieve testuitslag geïncludeerd te worden om veelvuldig geconstateerde
verificatie bias te voorkomen. Geconcludeerd werd dat er geen wetenschappelijk
bewijs is dat één van bovengenoemde prognostische tests van waarde is voor de
indicatiestelling tot spondylodese in de dagelijkse praktijk. Momenteel kan bij
patiënten met lage rugpijn niet betrouwbaar voorspeld worden of ze gebaat zullen
zijn met een spondylodese.
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De algemene discussie in hoofdstuk 7 behandelt de huidige en mogelijk
toekomstige rol van lumbale spondylodese als behandeling van chronische lage
rugpijn, en is gebaseerd op werk uit de huidige thesis gecombineerd met bevindingen
uit de literatuur. Lage rugpijn zonder specifieke diagnose is vaak multicausaal bepaald
en dient meer als een symptoom in patiënten met een bepaalde mate van beperking
of invaliditeit beschouwd te worden, dan als diagnose.
Het zogenaamde biopsychosociale model ter evaluatie van lage
rugpijnpatiënten wordt toegelicht. Dit model streeft ernaar om onderliggende
psychosociale problematiek bij patiënten met fysieke klachten te identificeren en zo
nodig (mede) te behandelen. In dat kader wordt triage van rugpatiënten in een
multidisciplinaire setting of Spine Centrum aanbevolen. Bovendien wordt de
waarde van conservatieve behandelingen als cognitieve gedragstherapie en
gestructureerde intensieve oefenprogramma’s onderstreept. Behandeling van
chronische lage rugpijn dient stapsgewijs uitgevoerd te worden, te beginnen met
de minst invasieve therapie. Cruciaal hierbij is patiënten te motiveren hun probleem
aan te pakken met een attitude van self management en een actieve levensstijl met
zo nodig oefenprogramma’s onder begeleiding. Doel van deze in toenemende
mate gepropageerde, actieve benadering van lage rugpijn is het eindstadium van
chroniciteit, en de daarmee gepaard gaande invaliditeit en arbeidsongeschiktheid,
te voorkomen.
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